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CHAPTER 1 
INTRODUCTION 
Allantoin occurs widely in nature where it arises from the degrada-
tion of purines. In this introduction we shall discuss the place of this 
substance in the metabolism of animals, plants and microorganisms. 
Special attention will be paid to the recent literature in this field. 
1.1 ALLANTOIN IN ANIMALS 
1.1.1 Vertebrates 
1.1.1.1 Mammals 
Allantoin was first found in nature by BUNIVA and VAUQUELIN (1799) 
in the amniotic fluid of cattle. After the discovery of allantoin, this 
compound was demonstrated in other biological materials. WÖHLER 
(1849) obtained allantoin in crystalline form from urine of calves. Later 
it was found in urine of dogs (FRERICHS and STAEDELER, 1854; SAL-
KOWSKI, 1876,1878), cats and rabbits (NEUBAUER, 1856; MEISSNER, 
1868), and in liver of pigs (STOKVIS, 1859). WIECHOWSKI (1908) stated 
allantoin to be an excretion product of all mammals. Urine of man and 
theDalmation dog, however, contains only small amounts of this com-
pound. A review of the presence of allantoin in the excretion products 
of animals was given by FLORKIN and DÚCHATE AU (1943). 
Allantoin can be produced from uric acid by chemical oxidation (WÖH-
LER and LIEBIG, 1838). WÖHLER and FRERICHS (1848) supposed that 
in rabbits uric acid was degraded to allantoin, urea and oxalic acid. 
STOKVIS (1859) suggested a similar degradation upon incubation of 
potassium urate with cut liver of dogs and horses. The uric acid deg-
radation in the mammalian body was investigated by WIECHOWSKI 
(1907, 1908), who injected uric acid subcutaneously and found that al-
lantoin was the final product of its degradation. He demonstrated, fur-
thermore, the quantitative conversion of uric acid to allantoin by an 
enzyme from the liver and kidney of several mammals according to the 
following reaction: 
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This enzyme was called uricase by BATTELLI and STERN (1909). The 
enzymic oxidation of uric acid to allantoin by this enzyme and the 
mechanism of the reaction was investigated by BENTLEY and NEU-
BERGER (1952) and by MAHLER, BAUM and HÜBSCHER (1956). Re-
cently, FRANKE et αΖ.(1965)proved that uricase from animal and plant 
origin yielded (+)- allantoin from uric acid. 
HARVEY and CHRISTENSEN (1964) reported the apparent absence of 
a transport system for uric acid in erythrocytes of the Dalmatien coach 
hound which could be a result of a genetic defect. This study deepens 
our knowledge of the uric acid metabolism of the Dalmation. 
In the rat, like in most mammals, allantoin is the main excretory 
product of purine metabolism. MORGAN and HANSON (1964) found an 
increased serum level and urinary excretion of allantoin during preg­
nancy and the first period of lactation in the rat. These authors sug­
gested an accelerated catabolism of the nucleic acids which are present 
in increased amounts in the tissues of pregnant and lactating animals. 
The uric acid degradation in some mammals was reported recently 
by several authors. TRUSCOE and WILLIAMS (1965) investigated the 
effect of inhibitors on the enzymic activity of ox-kidney uricase. The 
enzyme was inhibited by p-chloro- and p-hydroxy-mercuribenzoate, 
N-ethylmaleimide, p-iodosobenzoate, and iodine. From their experi­
ments the authors suggested that the enzyme is SH-dependent. They 
found no evidence for the participation of any heavy metal in the activ­
ity of the enzyme contrary to general belief. The competitive inhibi­
tion of uricase from pork-kidney by 6-thiouric acid was studied by 
HABERMANN (1965), and the inhibition of hog-liver uricase by oxonate 
was reported by FRIDOVICH (1965). The latter author suggested that 
the s-triazine ring can mimic the purine ring system in certain bio­
chemical systems. The human purine metabolism and its regulation 
was discussed by SEEGMILLER (1966). 
1.1.1.2 Amphibians 
PRZYLECKI(1925)discovered in frog an enzymic reaction by which 
allantoin was hydrolyzed to urea. This author called the enzyme allan-
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toinase. He suspected, however, that this conversion of allantoin to urea 
required m o r e than one enzyme. FOSSE and BRUNEL (1929a) and FOSSE, 
BRUNEL and DE GRAEVE (1930) showed that allantoin was converted 
to allantoic acid in frogs, fishes, crustaceans and echinodermes. These 
authors named the enzyme which catalyzed this conversion allantoinase. 
The following reaction r e p r e s e n t s this conversion: 
HoN NH 
I /\ oc oc co 
I I I 
H N — C H — N H 
ALLANTOIN 
+ H2O 
H2N 
ALLANTOINASE 
NH2 
CO OC COOH 
I I I 
H N — C H NH 
ALLANTOIC АСЮ 
The enzyme catalyzing the degradation of allantoic acid was found 
independently by KREBS andWEIL (1935) in frog liver and by BRUNEL 
(1936) in the mycelium of Aspergillus niger.The following reaction is 
catalyzed by this enzyme: 
H2N NH2 
+ H2O 
OC COOH 
I I 
H N — C H 
CO 
I 
•NH 
ALLANTOICASE 
NH2 
2 CO 
NH2 
+ COOH 
I 
HCO 
ALLANTOIC АСЮ UREA GLYOXYLIC 
ACID 
BRUNEL (1937), who named this enzyme allantoicase, demonstrated 
i ts presence in frog liver and ray species. The occurrence of the en­
zymes allantoinase and allantoicase in the animal kingdom was reviewed 
by FLORKIN and DUCHATEAU (1943) and LASKOWSKI (1951). 
BRODSKY et al. (1965) investigated the degradation of purines, ur ic 
acid and allantoin in bullfrogs (nana catesbeiana). These authors showed 
that homogenates of frog kidney contained ur icase , allantoinase and 
allantoicase in concentrations s imi lar to those of frog l iver t i ssue. 
Two pathways at least were found to be responsible for urea formation 
in frog kidney: hydrolysis of arginine and hydrolysis of allantoic acid. 
They reported the inhibition of the activity of allantoicase by glyoxylate. 
No allantoicase activity was detected in blood or ur ine. 
1.1.1.3 F i s h e s 
The presence of the uricolytic enzymes (uricase, allantoinase and 
allantoicase) in fish l iver was reported by BRUNEL (1937) and FLORKIN 
and DUCHATEAU (1943). BRUNEL (1937) suggested that purines may 
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be a source of urea in fish. This author reported that all teleost fishes 
examined by him possessed uricase and allantoinase, whereas allanto-
icase was only present in certain families of teleost fishes. The presence 
of the uricolytic pathway in livers of teleost fishes was also demon-
strated by GOLDSTEIN and FORSTER (1965). Uric acid, allantoin and 
allantoic acid were converted to urea at approximately the same rate. 
These authors tested eighteen different species of teleost fishes, in-
cluding a number studied by BRUNEL (1937), and found allantoicase in 
all species. They stated that the conversion of purines to urea was 
perhaps a common feature of nitrogen metabolism in all fishes. They 
also demonstrated the labile nature of allantoicase in fishes and sup-
posed that the absence of this enzyme in some teleost fishes, reported 
by BRUNEL (1937), was due to loss of enzyme activity during the iso-
lation procedure used by this author. 
The presence of the uricolytic enzymes in liver of four species of 
teleost fishes was demonstrated by VELLAS (1963). These species were 
adapted to different temperatures (8° and 20°) for three weeks and there-
after the enzymic activities of uricase, allantoinase and allantoicase 
were determined in the liver. A marked decrease in the enzymic activ-
ities of two species (carp and tench) was observed at low temperatures 
(8°), whereas the two other species (barbel and perche) showed the 
same activities at both temperatures. VELLAS (1965) observed signif-
icant alterations of uricase, allantoinase and allantoicase activities of 
carp liver during captivity, variations in temperature, and fasting. He 
found a direct correlation between temperature and variation in enzymic 
activity. Starved fish showed a decrease of uricase activity, while al-
lantoinase and allantoicase activity increased. 
These studies of the uricolytic pathway in teleost fishes indicate that 
the enzymes uricase, allantoinase and allantoicase are widespread in 
the livers of these fishes. 
1.1.2 Invertebrates 
1.1.2.1 Ascidians 
Many ascidians accumulate purines and uric acid in some form.GOOD-
BODY (1965) concluded that ascidians accumulated and stored purine 
bases and uric acid because the enzymes for metabolizing them further 
were absent. Out of twelve different species, only Polycarpa obtecta 
possessed uricase activity. Xanthine oxidase was only present in species 
which accumulated uric acid. None of the species tested showed al-
lantoinase or allantoicase activity. The author wondered whether the 
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stored products which resulted from a deficiency in the uricolytic en-
zyme system might play a significant role in the life of the animal. 
1.1.2.2 Insects 
The occurrence of uric acid, allantoin, allantoic acid, urea and am-
monia, and of the enzymes uricase, allantoinase, allantoicase and urease 
in several hundred species of insects was reviewed by RAZET (1961). 
This author reported on seasonal and other changes in these compounds 
and enzymes, and on the localization in different tissues. The endstages 
of uric acid breakdown varied in different species. BERRIDGE (1965) 
determined the nitrogenous components in the excretion products of the 
cotton stainer, Dysdercus fasciatus, and found allantoin and urea among 
these products. In contrast to other terrestrial insects, the main ex-
cretory product was allantoin and not uric acid. 
1.1.2.3 Crustaceans 
The presence of uricase in different species of crustaceans was in-
vestigated by BOULESTEIX (1964). He tested nineteen species and found, 
with exception of one species, only low uricase activity in the greater 
part. The enzyme was absent in six species. This author questioned the 
importance of the uricolytic pathway in crustaceans in vivo. In 1965 
BOULESTEIX published the result of a study with twenty species of 
crustaceans. Only nine species possessed allantoinase activity but this 
activity was very low; three species showed a slight allantoicase activ-
ity. The investigations of BOULESTEIX revealed that, in contrast to 
general opinion, the uricolytic enzymes uricase, allantoinase and al-
lantoicase do not seem to possess an important function in the nitrogen 
metabolism of crustaceans. 
1.2 ALLANTOIN IN HIGHER PLANTS 
Allantoin was first found in plants by SCHULZE and BARBIERI (1881) 
who demonstrated its presence in Platanus orientalis L. About 5-10% 
ofthetotalnitrogenconsistedofallantoin. FOSSE (1928) and FOSSE and 
HIEULLE (1928) found allantoic acid for the first time in nature, namely 
in Phaseolus vulgaris L. The occurrence of allantoin in plants has been 
reviewed by PURUCKER (1932) and TRACEY (1955). 
The enzymic degradation of allantoin to urea and glyoxylic acid in soy 
beans was postulated by NEMEC (1920). FOSSE and BRUNEL (1929b) 
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demonstrated the intermediate position of allantoic acid during allantoin 
degradation by Soja hispida Mnch.The enzyme catalyzing the conversion 
of allantoin to allantoic acid was called allantoinase by these authors. 
The wide distribution of allantoinase in higher plants has been reviewed 
by FOSSE (1939), BRUNEL and CABELLE (1947), TRACEY (1955), 
STEWARD and POLLARD (1957) and BOLLARD (1957). 
The function of allantoin and allantoic acid in some plants was in-
vestigated by MOTHES and ENGELBRECHT (1953), who concluded that 
these compounds play an important role in storage and transport of 
nitrogen in these plants. Recently, REINBOTHE and MOTHES (1962) 
reviewed the investigations on the function of allantoin and allantoic 
acid in plants. 
Allantoinase from soy beans was studied by FRANKE et al. (1965) 
who purified the enzyme and determined some of its properties. The 
enzyme degraded (+)-allantoin twenty times faster than the (-)-form. 
Derivatives of allantoin were not attacked. The metabolism of allantoin 
and allantoate in Phaseolus hysterinus Dur. and Glycine hispidaL. was 
studied by VAN DER DRIFT and VOGELS (1966). They found a much 
greater accumulation of allantoate in plants grown in the dark than in 
those grown in daylight or at constant illumination. A relationship was 
supposed to exist between allantoate degradation and photosynthesis. 
Both plants contained allantoinase, but no evidence was obtained for 
the presence of allantoicase. 
Although allantoinase is widely distributed in higher plants, the oc-
currence of allantoicase was reported only twice in higher plants, name-
ly inSoja tosidaMnch.(ÉCHEVIN and BRUNEL, 1937) and in Trifolium 
pratense (MOTHES and ENGELBRECHT, 1952). So far little is known 
about the ultimate fate of allantoic acid in higher plants in spite of re -
peated investigations in this field. 
1.3 ALLANTOIN IN MICROORGANISMS 
1.3.1 Algae 
Several algae can utilize uric acid as sole nitrogen source for growth. 
VAN BAALEN and MARLER (1963) investigated the growth response of 
marine blue-green algae with uric acid as sole nitrogen source. Their 
experiments led to the hypothesis that two different pathways for uric 
acid metabolism may exist in blue-green algae. Some strains showed a 
normal uricolytic system and others can utilize uric acid by a non-
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specific attack. Later VAN В AALEN (1965) showed that certain blue-
green algae degraded uric acid independent of their ability to utilize 
uric acid as the sole nitrogen source. Anacystis nidulans did not grow 
on uric acid as sole nitrogen source, neither did it utilize allantoin or 
urea, but it degraded uric acid upon illumination. Whole cells of this 
organism oxidized uric acid almost completely to allantoin. This pho-
tooxidation is mediated by a pigment which is not identical with chloro­
phyll a andphycocyanin.The purine metabolism in the unicellular alga 
Chlorella pyrenoidosa was investigated by AMM ANN and LYNCH (1964). 
They presented evidence for the following pathway of catabolism of 
purines: adenine -* hypoxanthine -* xanthine -* uric acid -» al­
lantoin -» endproducts. With the exception of allantoin all of the inter­
mediates in purine catabolism could be utilized as sole nitrogen source 
for growth. Among the enzymes catalyzing purine degradation in Chlo­
rella pyrenoidosa, uricase appeared to be very active. This was con­
cluded from the rapid production of allantoin from uric acid in whole 
cells as well as in cell-free extracts. 
1.3.2 Bacteria 
The first experiments on the degradation of uric acid by crude cul­
tures ofbacteria were made by LEX (1872), SESTINI and SESTINI (1890) 
and GÉRARD (1896). ULPIANI (1903) was the first investigator who 
studied the degradation of uric acid with a pure culture of a Micro-
coccus, isolated from chicken excreta. The degradation of uric acid 
and allantoin by intestinal bacteria was investigated by YOUNG and 
HAWKINS (1944). A review by VOGELS (1963) indicated that the ability 
to degrade allantoin is widely distributed among bacteria. 
1.3.2.1 Pseudomonas species 
The microbial degradation of uric acid and allantoin by some Pseu-
domonas species was studied by LIEBERT (1909). He demonstrated the 
conversion of uric acid to allantoin by Pseudomonas aeruginosa, Pseu-
domonas fluorescens, Pseudomonas eisenbergii and Pseudomonas calco-
acetica. Allantoin was converted to urea and carbon dioxide. As a result 
of this study, LIEBERT postulated a reaction scheme for the degrada-
tion of uric acid by Pseudomonas species (Scheme 1). CAMPBELL (1954, 
1955) isolated a Pseudomonas strain from San Francisco bay mud; 
cell-free extracts of this organism formed about two moles of urea from 
one mole of ?llantoin. This result fitted in with the reaction scheme 
given by LIEBERT (1909). The degradation of uric acid and allantoin 
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by Pseudomonas ae-mginosa was studied by FRANKE and HAHN (1955). 
The quantitative determination of urea, formed from allantoin, was 
complicated by the presence of urease. BACHRACH (1957) found only 
one mole of urea per mole of allantoin degraded by unidentified Pseu­
domonas strains. He suggested, therefore, the presence of urease in 
these bacteria. 
HN—CO NH I l/l 
ос с со 
I и ι 
Η Ν - С — NH 
U n e acid 
Η,Ν 
П/4О
г
*Н20 
СО, 
2 СО, 
Н,0 
+ V i 0 2 
соон 
I 
соон 
Oxalic 
acid 
•УіО, 
NH 
Ί / I 
ос OC со 
I I I 
HN—CH-NH 
Allantoin 
COOH 
HCO 
Glyoxyl ic 
acid 
NH, 
I 
2 CO 
I 
NHj 
Urea 
Scheme 1 
Degradation of uric acid by Pseudomonas species (LIEBERT, 1909) 
VOGELS (1963) reportedon a two-step mechanism in allantoate degra­
dation by Pseudomonas aeruginosa, Pseudomonas fluorescens and two 
Pénicillium species. Allantoate was degraded to ureidoglycolate and urea 
by the enzyme allantoicase, after which the enzyme ureidoglycolase 
produced urea and glyoxylate from ureidoglycolate (Scheme 2). 
The foregoing indicated that several investigators obtained different 
results for the metabolism of allantoin in Pseudomonas species. There-
fore, this problem was studied extensively by us. Special attention 
was paid to the two-step character in the degradation of allantoate. 
1.3.2.2 Other bacteria 
BARKER (1943) isolated from mud a new organism which was named 
Streptococcus allantoicus. This organism grew only under anaerobic 
conditions in a medium with allantoin as the main source of carbon, 
nitrogen and energy. Among the products of allantoin fermentation by 
this organism he found ammonia, urea, oxamic acid, carbon dioxide, 
formic acid, acetic acid, glycolic acid and lactic acid. Ammonia was 
formeddirectly from allantoin or some intermediates and not from urea 
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Pathways in microbial allantoin metabolism (VOGELS, 1963) 
as appeared from the unability of cell suspensions to decompose urea. 
One mole of allantoin degraded by this organism yielded about 0.6 mole 
of urea. The anaerobic breakdown of allantoin was studied in detail by 
VOGELS (1963). This author isolated two bacteria from ditch mud, 
namely Streptococcus allantoicus and Arthrobacter allantoicus. The for­
mer organism closely resembled the strain isolated by BARKER (1943). 
VOCE LS (1961) presented evidence for the occurrence of allantoic acid 
and oxaluric acid as intermediates in the anaerobic breakdown of allan­
toin. He proposed a reaction scheme resulting in the formation of allan-
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toic acid, glyoxylic acid, urea and glycine as intermediates. In addition 
oxaluric acid and oxamic acid were formed from allantoin. The inter-
mediate position of ureidoglycolic acid in allantoin degradation by Strep-
tococcus allantoicus was first postulated by VOGELS (1960). 
The reactions taking place in the anaerobic degradation of allantoin 
are represented in Scheme 2 (VOGELS, 1963). Allantoate, produced 
from allantoin, was transformed to ureidoglycine, ammonia and carbon 
dioxide by the catalytic action of allantoate amidohydrolase. Ureido-
glycine was converted to ammonia and ureidoglycolate, a reaction 
catalyzed by ureidoglycine aminohydrolase. The presence of the enzyme 
allantoate amidohydrolase was demonstrated in cell-free extracts of 
Streptococcus allantoicus, Arthrobacter allantoicus, Escherichia coli, 
Escherichia coli var. acidilactici and Escherichia freundii, all of which 
will grow only under anaerobic conditions with allantoin as sole source 
of carbon, nitrogen and energy. Cell-free extracts of the organisms 
yielded f rom one mole of allantoate two moles of ammonia and one mole 
of urea. Thus, the degradation of allantoate was not brought about by 
allantoicase, because this enzyme yields two moles of urea from one 
mole of allantoate. The occurrence of ureidoglycine as an intermediate 
in allantoin degradation has not been confirmed so far, since this com-
pound was not available as a substrate nor could it be isolated from 
media, in which allantoate degradation occurred. 
VALENTINE et al.(1962) reported on the mechanism of the allantoin 
fermentation by Streptococcus allantoicus. They presented evidence for 
a pathway involving allantoic acid, ureidoglycolic acid and oxaluric acid 
as intermediates in oxamic acid formation and for the production of 
glyoxylate from allantoin. Ureidoglycine was not assumed to be an inter-
mediate in allantoate degradation. 
VALENTINE et al. (1962) and VOGELS (1963) supposed ureidoglyco-
late to be an intermediate in the production of glyoxylate and urea, as 
well as in the oxidation to oxamic acid. This oxidation involved oxaluric 
acid as intermediate and NAD as a required cofactor. Oxaluric acid 
wasphosphorolytically cleaved by oxamatetranscarbamoylase to oxamic 
acid and carbamoyl phosphate. VALENTINE and WOLFE (1960) demon-
strated the biosynthesis of oxaluric acid by extracts of Streptococcus 
allantoicus from oxamic acid and carbamoyl phosphate. The phospho-
rolytic cleavage of oxaluric acid leads to the formation of carbamoyl 
phosphate which is readily converted to ATP by these extracts. This 
reaction may serve as a primary energy source in Streptococcus 
allantoicus (BOJANOWSKI etal., 1964). The intermediate position of 
oxaluric acid in allantoin degradation by this organism was shown by 
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VOGELS (1960, 1961). This author demonstrated the production of 
oxaluric acid from ureidoglycolic acid by an enzyme which was called 
ureidoglycolate dehydrogenase. This enzyme occurred in the organisms 
which grow only under anaerobic conditions in allantoin containing media 
(VOGELS, 1963). Recently, TIGIER and GRISOLIA (1965) described the 
conditions for induction of oxamate t ranscarbamoylase in Strain DIO 
group D Streptococcus. Induction of the enzyme did not require anaerobic 
conditions or ¡^llantoin (BOJANOWSKI et al., 1964; VOGELS, 1961) but 
parabanic acid. Induction occurred in both aerated and non-aerated 
cul tures . 
The conversion of ureidoglycolic acid to glyoxylic acid and urea was 
studied by GAUDY et al. (1965) and GAUDY and WOLFE (1965). The 
enzyme which catalyzed this conversion was purified from extracts of 
Streptococcus allantoicus. The final enzyme preparation was purified 
77-fold and showed optimal activity at the pH range 8.4-8.8. The r e a c -
tion catalyzed by the enzyme was revers ib le and the equilibrium constant 
was found to be 7.6. 
The fermentation of glyoxylate by Streptococcus allantoicus was in-
vestigated by VALENTINE, DRUCKER and WOLFE (1964). Extracts of 
this organism formed glyoxylate from allantoin. Glyoxylate did not 
accumulate during the degradation of allantoin, but was metabolized to 
glycerate via tartronaldehydate (Scheme 2). The enzyme carboligase 
converted glyoxylate to tartronaldehydate, which was reduced to glyc-
era te by tartronaldehydate reductase in the presence of NADH2. A 
s imilar glyoxylate metabolism was found by VOGELS (1963) with ce l l -
free extracts of Streptococcus allantoicus and Arthrobacter allantoicus. 
This mechanism for the fermentation of glyoxylate was first postulated 
by KORNBERG and GOTTO (1961) for Pseudomonas species . 
It is c lear , that allantoin degradation by bacteria , which grow only 
under anaerobic conditions in allantoin containing media, has been 
elucidated almost completely. Therefore we tested microorganisms 
which grow well on allantoin under aerobic conditions, since relatively 
little was known on this mechanism of allantoin metabolism. 
1.3.3 Fungi 
WÖHLER (1853) first investigated the microbial degradation of a l -
lantoin by an unidentified yeast . Among the endproducts he found am-
monia, urea and the ammonium salts of oxalic acid and carbonic acid. 
The enzyme allantoinase was demonstrated by BRUNEL (1931) in 67 
speciesofbasidiomycetes and together with allantoicase in Aspergillus 
21 
niger and other ascomycetes (BRUNEL, 1931). 
The metabolism of allantoin in the yeast Saccharomyces cerevisiae 
was investigated by DI CARLO, SCHULTZ and KENT (1953). They found 
a requirement for biotin when this yeast was grown in media containing 
allantoin, allantoic acid or urea. The presence of allantoinase but not 
allantoicase was demonstrated in proliferating cells of the yeast. 
FRANKE and TAHA (1952) found an oxygen dependent degradation of 
allantoin in extracts of Altemaria tenuis. They could not demonstrate 
allantoic acid to be an intermediate and postulated the conversion of 
allantoin by allantoin oxidase. 
The assimilation of uric acid by Torulopsis utilis was reported 
byROUSHand DOMNAS (1956). They showed the uptake of uric acid by 
this organism and the subsequent increase in the uricase activity. The 
accumulation of uric acid by the cell involved active transport. The 
uptake and use of allantoin and allantoic acid by yeasts was described by 
MORLION and DOMNAS (1962).The commercial form of Saccharomyces 
cerevisiae converted allantoin to urea. The latter was excreted and not 
used further. No secretion of urea was observed when a laboratory 
strain of Saccharomyces cerevisiae was grown on yeast extract in the 
presence of allantoin. Both strains of Saccharomyces cerevisiae con-
verted allantoic acid to urea without excretion of the latter. The authors 
studied the influence of biotin and pantothenic acid on the metabolism of 
urea. A similar investigation was performed by DOMN AS (1962). He also 
investigated the uptake and utilization of allantoin, allantoic acid and 
urea by the yeasts Saccharomyces cerevisiae and Candida (Torula) 
utilis. The utilization of these compounds seemed to be dependent on 
the presence of biotin and/or pantothenic acid. The presence of al-
lantoicase and ureidoglycolase in both urease-negati ve yeasts was dem-
onstrated. Neither species of yeast possessed allantoicase, when urea 
was used as nitrogen source for growth. However, they contained 
ureidoglycolase activity under these conditions. 
The enzyme allantoinase from yeast and soy beans was studied by 
LEE and ROUSH (1964). They reported several assay methods for al-
lantoinase (titrimetric, manometric and polarimetrie). The enzyme 
from bakers' yeast was purified several times and some properties of 
the enzyme were determined. Yeast and soy bean allantoinase were 
specific for one of the optical isomers of allantoin. The enzymes al-
lantoinase and allantoicase were inducible in Candida utilis by uric acid, 
allantoin or allantoic acid, whereas these enzymes were constitutive in 
Saccharomyces cerevisiae. The degradation of allantoate by extracts of 
the yeast Candida utilis was studied by CHOI and ROUSH (1965). These 
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investigators obtained a 50-fold increase in the specific activity of 
ureidoglycolase in extracts of Candida utilis, on incubating the yeast 
with uric acid. No induction was obtained with allantoin and allantoate. 
Uric acid also induced the enzyme allantoicase in Candida utilis. 
Another study on the purine metabolism in yeast was performed by 
DARLINGTON, SCAZZOCCHIO and Ρ ATEMAN (1965). They showed the 
main pathway of purine breakdown in Aspergillus nidulans to be the 
following: hypoxanthine -» xanthine -» uric acid -» allantoin -» 
allantoic acid -» urea -» ammonia. Their communication dealt with 
a series of mutants of the organism, which were defective at various 
stages of purine breakdown. 
VOGELS (1963) tested a great number of yeasts and molds on their 
ability to grow aerobically or anaerobically in a synthetic allantoin 
containing medium. None of the yeasts and molds grew anaerobically. 
A few yeasts used allantoin as their sole source of carbon, nitrogen and 
energy under aerobic conditions. Among the molds only Pénicillium 
notatum and Pénicillium citreo-viride showed good growth under aerobic 
conditions. These two Pénicillium species were included in our investi-
gation of the metabolism of allantoin. 
VOGELS (1963) reviewed the degradation of allantoin and uric acid 
by bacteria, yeasts, molds, higher fungi and algae. The metabolism of 
urea and ureides in microorganisms and higher plants has been reviewed 
by GUITTON, DURAND and BRUNEL (1965). 
1.4 PURPOSE AND SCOPE OF THE PRESENT INVESTIGATION 
The present investigation aims at a new contribution to the metab-
olism of allantoin. Special attention was paid to the aerobic degrada-
tion by bacteria, molds and animal organs of this widely distributed 
compound in nature. While the microbial metabolism of allantoin under 
anaerobic conditions has been well elucidated, only fragmentary data 
have been available on the metabolism of allantoin in animals and plants, 
and in microorganisms which grow on allantoin containing media under 
aerobic conditions. The primary purpose of this study was to elucidate 
the mechanism of allantoin degradation by microorganisms, which grow 
well under aerobic conditions in media containing allantoin. Especially 
the enzymes concerned in this degradation were studied extensively. 
The results obtained with the microorganisms were compared with 
those of some animal organs in order to deepen our knowledge of the 
purine metabolism in animals. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 QUANTITATIVE DETERMINATIONS 
Ammonia was determined by nesslerization o r by the glutamate 
dehydrogenase method. According to the lat ter method ammonia was 
determined by measuring at 340 ιημ the dehydrogenation of NADH2 by 
glutamate dehydrogenase in the presence of a-ketoglutarate (VOGELS, 
1966). 
Urea was measured a s ammonia after hydrolysis by jack bean urease . 
Oxamic acid was determined according to VOGELS (1963). 
Oxygen uptake was measured polarographically with the Clark oxygen 
electrode (KIELLEY, 1963). 
Protein was measured according to LOWRY et al. (1951). In some 
cases the protein content was calculated from the absorbances at 260 
m μ and 280 πιμ. 
Allantoin, allantoate, ureidoglycolate and glyoxylate were determined 
according to a differential glyoxylate analysis (TRUBELS and VOGELS, 
1966b), performed in the following four s teps . 
Method A (alkaline and acid hydrolysis). To a 5-ml sample (4-80 
m μ moles of glyoxylate derivatives per ml) 1 ml of 0.5 N NaOH and 2 
drops of Phenylhydrazine hydrochloride solution (100 mg in 30 ml of 
water) were added. The mixture was placed in a boiling-water bath for 
7-9 min (depending upon the thickness of the glass wall). After the mix­
ture had been cooled to room temperature 1 ml 0.65 N HCl was added. 
The contents of the tubes were mixed well, and 1 ml of the afore men­
tioned Phenylhydrazine solution was added. This mixture was placed in 
a boiling-water bath for 2-4 min, then cooled immediately in an ice-
water bath. After 10 min, 4 ml of cone. HCl were added followed by 
1 ml of potassium ferricyanide solution (500 mg in 30 ml of water). 
The tubes were shaken. After 10 min the absorbance (Ад) of the solu­
tions was measured at 525 π ιμ. 
Method В (acid hydrolysis). To a 5-ml sample, 1 ml of water, 1 ml 
of 0.15 N HCl and 1 ml of Phenylhydrazine solution were added. The 
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mixture was heated for 2-4 min in a boiling-water bath, cooled imme-
diately in an ice-water bath and was further treated as described for 
Method A. The absorbance (Ag) was measured. 
Method C.Toa 5-ml sample, which was first neutralized if alkaline, 
2 ml of water and 1 ml of Phenylhydrazine solution were added. The mix-
ture was kept at room temperature for 5-10 min, cooled in an ice-water 
bath and was further treated as described for Method A. The absorbance 
(Ac) was measured. 
Method D (neutral hydrolysis). To a sample (0.1-0.5 ml) containing 
20-400 ñamóles of heat-labile glyoxylate derivatives 1 ml 0.4 M 
NaH2P04 - Na2HP04 buffer (pH7) was added. The mixture was placed 
in a boiling-water bath for 5 min. After the mixture had been cooled to 
room temperature water was added to a final volume of 7 ml, and a 
glyoxylate analysis according to Method С was performed. The ab­
sorbance (Ар) was measured. 
Method С yielded the amount of free glyoxylate. According to Method 
D the sum of the amount of free glyoxylate and ureidoglycolate was 
measured. So the amount ofureidoglycolate could be calculated from the 
difference A^-A^. The neutral hydrolysis of ureidoglycolate was cat­
alyzed by phosphate buffer; when water was used instead of this buffer 
only about 40% of ureidoglycolate was hydrolyzed to glyoxylate and urea 
under the conditions given in Method D. About 2% of the allantoate was 
converted to glyoxylate under the conditions given in Method D. Cor­
rections were always made for this small hydrolysis of allantoate. 
Allantoate was hydrolyzed readily in acid medium, as given in Method B, 
and the amount of this compound was calculated from the difference 
Ag - Ap. Allantoin was transformed to allantoate in the alkaline solu­
tion given in Method A. Glyoxylate and ureidoglycolate did not react 
positively in this analysis. So, Method A yielded the sum of the amount 
of allantoin and allantoate. The amount of allantoin was calculated from 
Ад-Ag+Aj-). In all four steps, glyoxylate was always the final product. 
This substance reacted with Phenylhydrazine, and the resulting phenyl-
hydrazone yielded a red color on addition of potassium ferricyanide and 
acid (MATSUI, OKADA and ISHIDATE, 1965). The molar extinction coef­
ficient of the phenylhydrazone was measured with a standard sodium 
allantoate and sodium ureidoglycolate solution according to Method В 
andD, respectively. Sodium glyoxylate was not used because the exact 
water content of this substance is often unknown. 
Our analysis differed from previous methods (FRANKE and HAHN, 
1955; REINBOTHEandMOTHES, 1962). The alkaline hydrolysis (Method 
A) was modified in order to achieve that ureidoglycolate and glyoxylate 
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did not react positively. FRANKE and ΗΛΗΝ (1955) as well as REIN-
BOTHE and MOTHES (1962) reported that glyoxylate was destroyed 
completely during alkaline hydrolysis, although their procedure did not 
involve addition of Phenylhydrazine. According to our observations, 
glyoxylate dissolved in distilled water was stable during alkaline hydrol­
ysis. Ureidoglycolate was hydrolyzed to glyoxylate and urea under 
these conditions. Glyoxylate and ureidoglycolate were partly destroyed, 
however, if proteins were present in the sample. In the modified method 
(Method A) neither compound reacted positively in distilled water or in 
protein-containing solutions as a result of the addition of a small quan­
tity of Phenylhydrazine. 
A novel method was described (Method D) which permitted differen­
tiation between allantoate and ureidoglycolate. Method D was of great 
value in the study of the two-step mechanism of allantoate degradation 
by Pseudomonas aeruginosa and other organisms because it allowed 
separate measurement of allantoicase and ureidoglycolase activities. 
In mixtures of the glyoxylate derivatives all compounds could be deter­
mined with comparatively high accuracy, the relative error not ex­
ceeding 3%. The analyses were quite reproducible and suitable for large 
series of determinations. Method С and D could not be applied in the 
presence of 0. Іцтоіе cysteine or KCN in the sample because marked 
decrease of the absorbance was observed in the presence of these sub­
stances. 
In some experiments glyoxylate was determined by measurement of 
the absorbance at 324 m μ of glyoxylate phenylhydrazone, formed in a 
direct reaction with Phenylhydrazine (DIXON and KORNBERG, 1959). 
This method has the advantage that glyoxylate formed from allantoate or 
ureidoglycolate can be determined directly, without taking separate 
samples from the reaction mixture at the desired time intervals, since 
Phenylhydrazine was present from the start of the experiment. The 
molar extinction coefficient of glyoxylate phenylhydrazone was 1.67x 
1θ4 M~^cm"^, in good agreement with the value of l.TxlO^ M ^ c m " 1 
reported by DIXON and KORNBERG (1959). 
2.2 CULTIVATION OF THE MICROORGANISMS AND PREPARATION 
OF CELL-FREE EXTRACTS 
Pseudomonas acidovorans (an isolate of DEN DOOREN DE JONG, 
1926), Pseudomonas aeruginosa, Pseudomonas fluorescens, Pénicillium 
notatum. Pénicillium citreo-viride and Escherichia coli were kindly 
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supplied by Prof. Т.О. WIKÉN, Laboratory of Microbiology, Technolog-
ical University, Delft. Streptococcus allantoicus and Arthrobacter al-
lantoicus were isolated from ditch mud by Dr. G.D. VOGELS. 
The organisms were cultivated on slant cultures; Streptococcus allan-
toicus and Arthrobacter allantoicus on a tap water medium containing 2% 
glucose, 2% Bacto yeast extract, 2% calcium carbonate and 1.5% agar; 
Escherichia coli and the Pseudomonas species on a tap water medium 
containing 2.5% K2HPO4,1.5% KH2PO4, l%Bacto-peptoneand 1.5% agar. 
The Pénicillium species were cultivated on a medium containing 0.2% 
KH2P04, 0.6% (NH4)2S04, 0.025% MgS04, 0.025% СаСІ2, 0.5% Bacto-
peptone, 0.25% yeast extract, 0.36% sodium lactate, 4.5% agar and 0.6% 
glucose. 
The medium used in the cultivation of the microorganisms contained 
per liter: 10 g allantoin, 1 g K2HPO4, 0.5 g Bacto yeast extract, 0.05 g 
MgS04, 0.2mgbiotin, 800 ml distilled water and 200 ml tap water. The 
medium was adjusted to pH 7.3 with 1 N KOH (4 ml/1). Bacteria which 
grow only under anaerobic conditions (Streptococcus allantoicus, Arthro­
bacter allantoicus and Escherichia coli) were cultivated on the afore 
mentioned medium which was supplied with 0.1 g N328.91^0 per liter. 
Allantoin was dissolved by warming the mixture to 40-45°. The medium 
was sterilized by Seitz-filtration and stored at 37° in order to prevent 
precipitation of allantoin from the nearly saturated solution (VOGELS, 
1966). 
To prepare cell-free extracts the Pseudomonas species were grown 
at 3(Я for 24 h, and the Pénicillium species at 24° for 5 days in the 
aerated allantoin medium, which had been inoculated from a slant cul-
ture of the organism. The other organisms (Streptococcus allantoicus, 
Arthrobacter allantoicus and Escherichia coli) were grown in the inocu-
lated allantoin medium at 30° in completely filled, glass-stoppered bot-
tles for about 20 h. The cells were harvested by centrifugation and 
washed with 0.9% sodium chloride solution and with 0.05 M Tris-HCl 
buffer (pH 7.2), successively. The cells were disrupted in a MSE 500-W 
ultrasonic disintegrator. Cell-free extracts were obtained by centrifu-
gation of the resulting materials at 100 000 χ g for 1 h at 4°. 
Seeds of Phaseolus hysterinus Dur. and Glycine hispida L. were a 
gift of Prof. H.F. LINSKENS, Laboratory of Botany, University of Nij­
megen. The plant materials were ground in a seed grinder, and the 
resulting meal was extracted with 0.05 M Tris-HCl buffer (pH 7.6) 
containing 0.17 μ mole EDTA per ml. The extraction was performed in 
a Virtis homogenizer (40 000 rev./min) at 3° for a few minutes. The 
resulting material was centrifugedat 0°, successively at 10 000 x ^ f o r 
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15 min and at 100 000 χ g for 45 min. 
The frogs (Rana esculenta) and goldfish (Carassms auratus) were 
obtained from the Central Animal Laboratory, University of Nijmegen, 
The animal organs (liver, kidney and heart) were treated in a Virtis 
homogenizer as described for plant seeds, disintegrated with a MSE 
500-W ultrasonic disintegrator, anda 100 000 χ g supernatant was pre­
pared at 4°. 
2.3 MATERIALS 
The following chemicals and materials were used: 
allantoin, purum (1); L-cysteine, hydrochloride (2); diethanolamine (1); 
DEAE-(diethylammoethyl)-cellulose (0.49 m. equiv./g.) (3); glutamate 
dehydrogenase (4); GSH (glutathione, reduced) (5); glycolic acid, puriss. 
(1); glyoxylic acid.b^O, sodium salt, purum (1); α-ketoglutaric acid 
(4); methylurea (2); NAD (nicotinamide-adenine dinucleotide) (4); NADH2 
(reducedformofNAD), disodium salt (4); oxaluric acid (5); oxamic acid 
(2); PCMB (p-chloromercuribenzoate) (1); Sephadex G-200 (140-400 
mesh) (6); thioglycolic acid (2); triethanolamine (7); Tris (tris-(hy-
droxymethyl)-ammomethane) (7); jack-bean urease (8). 
The afore mentioned chemicals and materials were obtained from the 
following sources: 
(1) Fluka A.-G. Chemische Fabrik, Buchs SG, Switzerland. 
(2) The British Drug Houses Ltd, Poole, England. 
(3) Serva-Entwicklungslabor, Heidelberg, Germany. 
(4) C.F. Boehringer und Soehne G.m.b.H., Mannheim, Germany. 
(5) Nutritional Biochemicals Corporation, Cleveland, Ohio, U.S.A. 
(6) Pharmacia, Uppsala, Sweden. 
(7) E. Merck A.-G,, Darmstadt, Germany. 
(8) Sigma Chemical Company, Missouri, U.S.A. 
Sodium allantoate and 5-methylallantoate were obtained f rom Dr. G.D. 
VOGELS, sodium ureidoglycolate was prepared according to the method 
of VALENTINE and WOLFE (1961b). Sodium glyoxylate (+ 7.5 g) and 
urea(+ 11 g) were dissolved in distilled water and incubated for 2 h at 
30°. During this incubation the amount of glyoxylate (tested according 
to Method С of the differential glyoxylate analysis) decreased continuous­
ly. The synthesized ureidoglycolate was precipitated by addition of 9 
volumes 96%, ethanol to the reaction mixture under vigorous stirring. 
After recrystallization, 8 g of sodium ureidoglycolate (78% of the theo-
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retical amount) were obtained. The melting point (with decomposition) 
of the product was 231°. Elemental analysis by H. PIETERS and W.J. 
BUIS, Laboratory of Organic Chemistry, University of Amsterdam, 
showed that the obtained product had the following composition: 
С (22.93%), H (3.03%), Ν (17.02%), 0 (41.99%) and Na (15.31%). This 
result was in good agreement with the empirical formula, СзНз^С^Ыа, 
for sodium ureidoglycolate. The phosphate buffer (pH 7.0) employed by 
VALENTINE and WOLFE (1961b) was omitted from the incubation mix­
ture, which facilitated the crystallization of ureidoglycolic acid upon 
addition of alcohol. The product contained only 1-2% free glyoxylate, 
in contrast to the preparation of GAUDY and WOLFE (1965), who re­
ported that their ureidoglycolate preparation possessed a significant 
amount of free glyoxylate. 
2.4 DEFINITIONS 
One unit of enzyme activity was defined as the amount which will 
catalyze the transformation of one μπιοίε substrate per minute. Specific 
activity was expressed in units per mg of protein. Buffer molarities 
refer to the concentrations of the buffering substances. 
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CHAPTER 3 
PRODUCTS FORMED FROM ALLANTOIN 
BY PSEUDOMONAS AND PENICILLIUM SPECIES 
At present many microorganisms are known which are able to degrade 
allantoin or which can use this compound as their sole nitrogen source. 
This can easily be understood because allantoin is an intermediate in 
the degradation of purines which are important compounds in all forms 
of life. So far the catabolism of purines to urea always seems to involve 
allantoin as intermediate with the exception of Micrococcus lactilyticus, 
Clostridium cylindrosporum and Clostridium acidiurici (cf. VOGELS, 
1963). Only a small group of microorganisms can use allantoin as the 
sole source of carbon and nitrogen. 
3.1 ENDPRODUCTS OF THE ALLANTOIN DEGRADATION IN VARIOUS 
MICROORGANISMS 
VOGELS (1963) analyzed the endproducts formed by several micro-
organisms during growth in a synthetic allantoin medium. Pseudomonas 
aeruginosa, Pseudomonas fluorescens, Pseudomonas acidovorans. 
Pénicillium notatum and Pénicillium citreo-viride grow well on this 
medium under aerobic conditions (Table 1). With the exception of Pseu-
domonas acidovorans these microorganisms formed about 1.7 moles of 
urea per mole of allantoin degraded beyond allantoic acid. Therefore, 
VOGELS concluded that the allantoic acid degradation by these organ-
isms was catalyzed by allantoicase which produces two moles of urea 
from one mole of allantoic acid. In the anaerobic experiments with 
Streptococcus allantoicus, Arthrobacter allantoicus, Escherichia coli, 
Escherichia coli var. acidilactici and Escherichia freundii half of the 
amount of allantoin degraded was converted to oxamate. Streptococcus 
allantoicus and the Escherichia species formed about 0.5 mole of urea 
per mole of allantoin degraded. In experiments with Arthrobacter allan-
toicus no urea was found, which was due to the presence of urease in 
this organism. No oxamate was found among the degradation products 
of allantoin in experiments with the Pseudomonas and Pénicillium spe-
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cies. According to VOGELS (1963) only Pseudomonas acidovorans 
formed small amounts of oxamate. 
T a b l e 1 
Allantoin degradation by several microorganisms 
Organism 
Pseudomonas acidovorans 
Pseudomonas aeruginosa 
Pseudomonas fluorescens 
Pénicillium notatum 
Pénicillium citreo-viride 
Incubation 
Temper-
ature 
30° 
30O 
30° 
25° 
25° 
Time 
(days) 
7 
7 
7 
10 
10 
Products 
(moles/100 moles of allantoin) 
Allan-
toin 
14 
49 
76 
64 
4.0 
Allan-
toate 
41 
1.4 
2.9 
0 
0 
Glyo-
xylate 
0 
0.4 
0.4 
0 
0 
Urea 
0 
88 
35 
60 
159 
Am-
monia 
141 
0 
0 
30 
12 
3.2 PRODUCTS FORMED FROM ALLANTOIN BY Pseudomonas 
aeruginosa 
Since most of the experiments in this investigation were performed 
with Pseudomonas aeruginosa, we analyzed the products formed from 
allantoin during growth of this organism. The allantoin medium con-
tained per liter: 10 g allantoin, 1 g Na2HP04.2 H2O, 0.1 g MgS04, 0.22 
mg biotin, 0.4 mg calcium pantothenate, 2 μg folic acid, 2 mg inositol, 
0.4mgniacine, 0.2 mg p-aminobenzoic acid, 0.4 mg pyridoxine hydro­
chloride, 0.2 mg riboflavine, 0.4 mg thiamine hydrochloride, 800 ml 
distilled water and 200 ml tap water. After adjustment of the pH to 7.3 
the medium was sterilized by Seitz-filtration. This allantoin medium 
was inoculated from a slant culture of Pseudomonas aeruginosa, and 
incubated at 30° under aerobic conditions. The amounts of allantoin, 
allantoic acid, ureidoglycolic acid, glyoxylic acid, urea and ammonia 
present in the medium during growth of the organism, as well as the 
change of the pH of the medium were determined (Fig. 1). Allantoin, 
allantoic acid, ureidoglycolic acid and glyoxylic acid were measured 
according to a new differential glyoxylate analysis which allowed the 
separate determination of ureidoglycolic acid. Previously only the sum 
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of the amounts of allantoic acid and ureidoglycolic acid could be de-
termined. The differential glyoxylate analysis as well as the determina-
tion of urea and ammonia by the glutamate dehydrogenase method are 
described in 2.1. 
| 1 2 0 - · · -
îS l o o -
0 0 -
6 0 -
4 0 -
20-
0 
Time of g r o w t h (h) 
Figure 1 
Quantitative analysis of the allantoin medium during growth of Pseudomonas aeru-
ginosa. Composition oí the medium, and growth conditions are given in the text. At 
the indicated time intervals aliquota of the incubation mixture were centrifuged and 
the clear supernatant was analyzed. Allantoin (x), allantoic acid (o), ureidoglycolic 
acid (·) and glyoxylic acid (D) were measured according to the differential glyoxy-
late analysis. Ammonia (Δ) was determined by the glutamate dehydrogenase method, 
urea (v) as ammonia after degradation by urease. During growth the pH of the 
medium was measured (•). 
From the experiment represented in Fig. 1 it appeared that the amount 
of allanto in decreased continuously. At the end of the growth experiment, 
86 h after inoculation, only 37% of allantoin remained. The quantities of 
allantoic acid, ureidoglycolic acid and glyoxylic acid formed from al­
lantoin were rather low as compared to the amount of allantoin degraded. 
Apparently these compounds were rapidly converted. The amount of the 
first intermediate, allantoic acid, showed a rather irregular course. 
This compound was formed from allantoin by the enzyme allantomase 
and was converted to ureidoglycolic acid by allantoicase. The observed 
irregularity could be due to variations in the actual amounts of these 
enzymes in the cells. 
ж 10 
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Only very small amounts of ammonia were found in the medium dur-
ing growth of the organism. The main nitrogen-containing endproduct 
of allantoin degradation appeared to be urea. This was in accordance 
with the mechanism of allantoin degradation by this organism proposed 
by VOGELS (1963). This mechanism involved the enzymes allantoinase, 
allantoicase and ureidoglycolase. The low ammonia content of the me-
dium probably resulted from a weak urease activity of the organism. 
The amount of urea produced from allantoin indicated that about two 
moles of urea were formed per mole of allantoin. 
During growth of Pseudomonas aeruginosa the pH of the medium 
increased continuously from 7.2 to about 8 at the end of the experiment 
(Fig. 1). This was probably due to the production of ammonia from urea. 
From the data presented in Fig. 1 it was calculated that the nitrogen and 
carbon recovery at the end of the experiment amounted to nearly 100% 
and 70%, respectively. Carbon was partly used for synthesis of cell 
constituents, and partly converted to carbon dioxide and other products 
which were not determined. 
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CHAPTER 4 
CONVERSION OF ALLANTOIN 
TO ALLANTOIC ACID: ALLANTOINASE 
4.1 OCCURRENCE OF THE ENZYME ALLANTOINASE 
The first enzyme concerned in the degradation of allantoin is allan-
toinase (allantoin amidohydrolase, EC 3.5.2.5). This enzyme catalyzes 
the following reaction: 
HoN / N H H2N NH2 
I X I +H2O I I 
OC OC CO л
 T т ЛКГТ ^ М А С ^
 0 С С 0 0 Н С 0 
ι | ι ALLANTOINASE | | | 
HN СН—NH HN СН NH 
ALLANTOIN ALLANTOIC ACID 
Allantoinase is widely distributed in nature . The enzyme was demon­
strated in the animal kingdom by FOSSE and BRUNEL (1929a), FOSSE, 
BRUNEL and DE GRAEVE (1930), FLORKIN and DUCHÂTEAU (1943), 
LASKOWSKI (1951), RAZET (1961), VELLAS (1963,1965), BOULESTEIX 
(1965), GOLDSTEIN and FORSTER (1965) and BRODSKY et al. (1965). 
The presence of allantoinase in higher plants has been reviewed by 
TRACEY (1955) and STEWARD and POLLARD (1957). The enzyme was 
shown to be present in algae by VILLERET (1955, 1958) and AMMANN 
and LYNCH (1964), in basidiomycetes by BRUNEL (1931) and in Asper-
gillus nigerhy BRUNEL (1936). The enzyme is also widely distributed 
among microorganisms (VOGELS, 1963; LEE and ROUSH, 1964). It 
seemed worthwhile to compare the proper t ies of several allantoinases, 
because certain striking differences between the enzymes from different 
sources were noted (LEE and ROUSH, 1964; RO, 1932; NAGAI and 
FUNAHASHI, 1961; BRUNEL, 1936; FRANKE et al., 1965). Therefore, 
we investigated allantoinases from some bacterial , plant and animal 
sources . Three species of bacteria tested will grow well only under 
anaerobic conditions when allantoin is the main or sole source of carbon, 
nitrogen and energy (Streptococcus allantotcus, Arthrobacterallantotcus 
Άτια Escherichia coli), the two other species (Pseudomonas actdovorans 
and Pseudomonas fluorescens) grow well only under aerobic conditions. 
34 
Furthermore, the enzymes from frog liver (Rana esculenta), goldfish 
liver (Carassius auratus) and the plants Glycine hispida L. (soy beans) 
and Phaseolus hysterinus Dur. were studied. 
T a b l e 2 
Purification of allantoinases 
The standard allantoinase test was performed at 30° in a mixture containing, per 
ml, 40 μηηοΐββ allantoin and 180 μηηοίβε diethanolamine-HCl buffer (pH 7.7). 
Moreover, 0.1 μΓηο1εΜη5θ4 and ЮцтоІезСЗН per ml were present in experiments 
with Streptococcus allantoicus, Arthrobacter allantoicus and Escherichia coli or 
0.1 μπιοΐβ MnS04 per ml in experiments with Phaseolus hysterinus Dur. and 
Glycine hispida L. The reaction was started by addition of an adequate amount of 
the 100 000 χ g supernatant of the materials to the incubation mixture. 
Organism 
Streptococcus 
allantoicus 
Arthrobacter 
allantoicus 
Escherichia coli 
Pseudomonas 
acidovorans 
Pseudomonas 
fluorescens 
Frog liver 
Goldfish liver 
Phaseolus 
hysterinus Dur. 
Glycine hispida L. 
Specific 
activity 
of 
starting 
material 
2.1 
1.2 
1.35 
1.5 
0.29 
0.55 
0.07 
0.029 
0.037 
Precipi­
tation by 
(NH4)2S04 
Saturation 
range 
(%) 
57-100 
57-100 
0-33 
0-57 
57-100 
0-49 
0-57 
45-100 
45-65 
Elution 
from 
DEAE-
cellulose 
Elution 
range 
(MNaCl) 
0.20-0.35 
0.20-0.28 
0.22-0.35 
0.22-0.35 
0.15-0.35 
0.10-0.15 
0.05-0.10 
0.15-0.25 
0 -0.10 
Specific 
activity 
of 
purified 
material 
11.6 
5.4 
6.0 
55 
1.55 
1.43 
0.2 * 
0.45 
0.45 
Purifi­
cation 
factor 
5.5 
4.5 
4.5 
37 
5.5 
2.5 
3 * 
15 
12 
Recovery 
(56) 
37 
60 
15 
83 
75 
22 
70 • 
90 
70 
* Measured after (NH4)2S04 precipitation. The activity had disappeared almost 
completely after DEAE-cellulose chromatography and dialysis. 
The specific allantoinase activities in crude cell-free extracts of 
these sources are summarized in Table 2. The activities (expressed 
in units per mg protein) in the bacteria varied between 1 and 2, except 
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in Pseudomonas ßuorescens, which had an activity of 0.3. The bacterial 
allantoinase activities were much higher than those in bakers' yeast 
(LEE and ROUSH, 1964) and mung beans (NAGAI and FUNAHASHI, 1961). 
The allantoinase activities in Pseudomonas aeruginosa. Pénicillium 
notatum and Pénicillium citreo-viride were 0.03, 0.015 and 0.016, re-
spectively, when the organisms were grown in media containing allantoin 
as the sole source of nitrogen. The activities of the enzymes from 
Pseudomonas acidovorans, Pseudomonas aeruginosa, Pseudomonas 
ßuorescens, Pénicillium notatum and Pénicillium citreo-viride were 
0.37, 0.01, 0.01, 0.005 and 0.001, respectively, when the organisms 
were grown in media with other nitrogen sources. Thus, allantoinase 
was always present in these organisms but the specific activity was 
enhanced 3- to 30-fold when allantoin was present in the growth media. 
T a b l e 3 
Allantoinase activities in plant seeds 
Pea 
Barley 
Gherkin 
Lupin 
Lathyrus adorabas L. 
Phnseolus hysterinus Dur. 
Glycine hispida L. 
Allantoinase activity 
(units/100 g) 
1 
7 
5 
5 
67 
350 
470 
The allantoinase activity was high in frog liver, low in frog kidney 
and goldfish liver. In goldfish kidney and in frog and goldfish heart, 
allantoinase activity could not be detected. Analysis of frog urine in-
dicated that about 8 mg allantoin were present per liter of urine; al-
lantoate, ureidoglycolate and glyoxylate were absent. 
The allantoinase activities in seeds of Glycine hispida L. and 
Phaseolus hysterinus Dur. were much higher than those of other plant 
seeds (Table 3). In this study seeds of these plants were used as en-
zyme source since the amount ofallantoinase was constant in both plants 
during germination of the seeds and the first stages of growth (VAN 
DER DRIFT and VOGELS, 1966). 
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4.2 PURIFICATION AND STABILITY OF ALLANTOINASE 
The allantoinases from bacteria, plant seeds and animal livers were 
partly purified by a procedure involving (NH4)2S04 precipitation and 
DEAE-cellulose chromatography. (N1-14)2504 precipitation was per­
formed by addition of a saturated (ΝΗ4)2§04 solution (pH 7.6) at 0° to 
the 100 000 χ g supematants of the enzyme materials. The precipitated 
fractions were collected by centrifugation at 10 000 χ g for 15 min at 
0°, and dissolved in 0.05 M Tris-HCl buffer (pH 7.6), containing 0.17 
μ mole EDTA per ml. The active fraction was dialyzed against the same 
buffer for 16 h at 3° and applied to a DEAE-cellulose column (20 cm χ 
1.8 cm) equilibrated with the buffer. The enzyme was eluted step wise 
by increasing amounts of NaCl dissolved in the same buffer. The active 
fractions were collected, dialyzed as mentioned above and stored at 
-20°. 
The allantoinases differed as to the saturation range of (N^[4)2804 
in which the enzyme precipitated and to the concentration range of NaCl 
in which the enzyme was eluted f rom the column (Table 2). The enzymes 
from Escherichia coli, Pseudomonas acidovorans and the animal livers 
precipitated in about half-saturated (N114)2304 solution, whereas the 
others required a higher concentration. The allantoinases from animal 
and plant origins emerged from the column at distinctly lower NaCl 
concentrations than the bacterial enzymes. 
The purification factor for the different allantoinases varied between 
2.5 and 37. The highest specific activity was found for the enzyme from 
Pseudomonas acidovorans. The purified allantoinase preparations did 
not contain allantoate-degrading enzymes, except in the case of Arthro-
bacter allantoicus. The presence of allantoate-degrading enzyme in 
purified preparations of Arthrobacter allantoicus did not interfere in 
the allantoinase assay method, which was based upon measurement of 
allantoate formed from allantoin, since the products formed from al-
lantoate react positively in the differential glyoxylate analysis accord­
ing to method D. 
The allantoinases differed as to their stability during purification. 
The enzymes from Pseudomonas acidovorans, Pseudomonas flúores-
cens and higher plants were rather stable. Allantoinases from animal 
livers, EscherichiacoliandPenicilliumnotatum were easily inactivated, 
mainly during DEAE-cellulose chromatography and dialysis. The ob-
served stability during purification of allantoinases from higher plants 
was corroborated by the result of NAG AI and FUNAHASHI (1961). These 
authors purified allantoinase from mung beans about 60-fold by calcium 
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phosphate-gel treatment, followed by ( N H ^ S O . and acetone fraction­
ation. Only 32% of the original activity was lost during the purification; 
the specific activity of the purified allantoinase was 0.3. Also the en­
zyme from soy beans was rather stable during purification (FRANKE 
et al., 1965). These authors purified allantoinase about 90-fold by heat-
pretreatment for 5 min at 75°, (NH^SC^ precipitation and ethanol 
fractionation; 43% of the originally present activity was recovered. 
The purified enzyme was completely stable for several months when 
storedat -20°. Allantoinase from bakers' yeast was less stable during 
purification (LEE and ROUSH, 1964). A 6-fold enhancement of the 
specific activity was accompanied with 58% loss of the units applied 
to the DEAE column. Allantoinase from Candida utilis was easily in­
activated almost completely after (N114)2504 precipitation and dialysis 
(LEE and ROUSH, 1964). 
Thus, it appeared that allantoinases from higher plants and Pseudo­
monas species were rather stable, whereas the enzymes from other 
bacteria, fungi, yeasts and basidiomycetes (BRUNEL, 1936) were rel­
atively unstable. 
4.3 PROPERTIES OF ALLANTOINASE 
4.3.1 Reaction rate of allantoinase as a function of the substrate con­
centration 
The effect of allantoin concentration on the enzymic activity of several 
allantoinases was studied. The Michaelis constant K
m
 was obtained ac­
cording to the method of HOFSTEE (1952, 1959) from the slope of the 
line resulting from plotting ν against v/S. Table 4 presents the K
m 
values for a series of allantoinases. The values varied from ЗхЮ-^м 
(frogliver) to 2'òxlQ~^M{Phaseolus hysterinusOxiÏ.). These Km values 
refer to (+-)-allantoin as substrate for the three first mentioned or-
ganisms, which degraded both optical isomers of allantoin at the same 
rate. The other allantoinases degraded (+)-allantoin 5-20 times faster 
than (-)-allantoin and therefore, the Km values were calculated on the 
basis of (+)-allantoin as substrate. The stereospecificity of allantoinases 
will be discussed later in 4.3.4. 
Two groups of allantoinases could be distinguished on the basis of 
their Km values: 14xl0"^M to 23x10" M for Arthrobacter allantoicus, 
Escherichia coli, the Pseudomonas species and Phaseolus hysterinus 
Dur. andSxlO-^M to 7xlO"3Mfor Streptococcus allantoicus, the animal 
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l ivers and soy beans. The K
m
 value of Streptococcus allantoicus al lan­
toinase did not change, when the diethanolamine-HCl buffer was replaced 
by a phosphate buffer (pH 7.5), o r when Mn2 + was omitted from the in­
cubation mixture or Z n ^ + was added to it. Mn^+ ions activate this a l­
lantoinase, whereas Z n 2 + i o n s inhibit it (VOGELS and VAN DER DRIFT, 
1966). 
T a b l e 4 
K
m
 values of allantoinases 
K
m
 values were determined by measuring the reaction velocities at different 
allantoin concentrations. The incubation mixtures contained, per ml, 175 μπιοΐεβ 
diethanolamine-HCl buffer (pH 7.7), purified allantoinase, and allantoin varying 
from 6-39 μπιοίεβ. In preparations from Streptococcus allantoicus, Arthrobacter 
allantoicus and Escherichia colt, there were also present 0.1 μπιοίε MnS04 and 
10 μπιοΐββ GSH, per ml. The mixtures were incubated at 30°. 
Organism 
Streptococcus allantoicus 
Arthrobacter allantoicus 
Escherichia colt 
Pseudomonns acidovorans 
Pseudomonas fluorescens 
Frog liver 
Goldfish liver 
Phaseolus hysterinus Dur. 
Glycine hispida L. 
K
m
 (Μ χ 103) 
4.9 
14 
22 
22.5 
17.5 
3 
4.2 
23 
7 
FRANKE et al. (1965) found a K
m
 of 6.7χΙΟ~ύΜ for soy bean allan­
toinase. The lat ter value re fer s to (+)-allantoin according to the author 
and is in good agreement with the K
m
 of 7х10"3м found by us for this 
enzyme. The K
m
 value of 30x10~3м for allantoinase from bakers ' yeast 
(LEE and ROUSH, 1964) was probably calculated for (+-)-allantoin as 
substrate . In view of the stereospecificity of this enzyme, it would be 
m o r e exact to consider only one optical i somer of allantoin as the sub­
s t r a t e . In that case the Km of b a k e r s ' y e a s t enzyme would be ISxlO'^M, 
which would classify this allantoinase in the first mentioned group. 
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4.3.2 pH optimum 
The activity of eight allantoinases was studied as a function of the 
pH of the assay mixture (Figs. 2a and 2b). The bacterial enzymes had 
rather narrow optimal pH ranges, whereas the activities of the enzymes 
from higher plants and animal livers were much less pH dependent. 
Optimal activity of the allantoinases was observed between pH 7.5 and 
8.5. The curve found for Pseudomonas fluorescens was identical to that 
of Pseudomonas acidovorans. In four cases (curves 5a, 6a, 7a, 8a) 
Figures 2a and 2b 
pH-activity curves of allantoinases from eight different sources. At 30 a mixture 
was incubated containing, per ml, 40 μητιοΐεβ allantoin, 160 μιηοΐεβ buffer and pu­
rified allantoinase 25 μg (Arthrobacterallantoicus, curve 1), 11 μg {Escherichia 
colt, curve 2), 40 μg (Streptococcus allantoicus, curve 3), 1.2 μg (Pseudomonas 
acidovorans, curve 4), 5.3 μg (frog liver, curves 5 and 5a), 40 μg (goldfish liver, 
curves 6 and 6a), 290 μg (Phaseolus hysterinus Dur., curves 7 and 7a) and 530 
μg (soy beans, curves 8 and 8a). In addition 0.1 μπιοΐβ MnS04 and 10 μπιοΐεβ GSH 
were present in the first three incubation mixtures. Acetic acid-sodium acetate 
buffers were used in the range pH 5.7-6.1, Tris-HCl buffers in the range pH 6.9-
8.1, diethanolamine-HCl buffers in the range pH 7.6-9.0 and ЫагСОз-ЫаНСОз 
buffers in the range pH 8.4-9.4. In four cases (curves 5a, 6a, 7a and 8a) phosphate 
buffers were used in the range pH 6.5-7.5. Allantoate was measured by the diffe­
rential glyoxylate analysis. 
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phosphate buffers were used in the range pH 6,5 - 7.5, Comparison of 
the activities found in phosphate buffers with those in other buffers of 
the same pH showed an inhibiting effect of phosphate ions on enzymic 
activity. 
Therefore, the pH-activity curve for mung bean allantoinase, reported 
byNAGAIandFUNAHASHI (1961), appears to be invalid at the lower pH 
range, since phosphate buffer was used in their experiments. The same 
was true for the pH optimum, 7.75 determined for soy bean allantoinase 
by FRANKE et аЦ1965). The sharp decrease of the activity at pH values 
below 7.75 contrasted with our observations and can be explained by 
the inhibiting effect of the phosphate buffers which were used in the pH 
range 6.0-8.2. RO (1932) found optimal allantoinase activity between 
pH6.6 and 7.3 for the enzyme from soy beans, LEE and ROUSH (1964) 
inthepH range 7-8 for the enzyme from bakers' yeast and VILLERET 
(1958) at pH 7.3 for allantoinase from algae. These authors did not state 
the type of buffers which were used in their experiments. 
4.3.3 Stability as a function of pH 
Curves representing the stability of various allantoinases at dif­
ferent pH are presented in Fig. 3. The allantoinase preparations were 
treated at the indicated pH values for 6 min at 30° and thereafter the 
activity was determined at pH 7.7. Most allantoinases were inactivated 
readily under these conditions. At pH 4.5 no activity remained of the 
enzymes from goldfish liver, Pseudomonas acidovorans, Pseudomonas 
fluorescens and Arthrobacter allantoicus. Slight activity was found 
after treatment at pH 4.0 in experiments with Streptococcus allantoicus, 
Escherichia coli and frog liver. Experiments with allantoinases from 
Pénicillium notatum, wheat and gherkin indicated that these enzymes 
were also inactivated by acid-pretreatment at pH 4.5. 
Allantoinases from Phaseolus hysterinus Dur. and soy beans showed 
a quite different behavior on acid-pretreatment. These enzymes were 
activated 1.3- to 1.6-fold at pH values between 5.4 and 4.5. This acti-
vation was time and temperature dependent as appeared from Fig. 4. 
The activating effect of acid-pretreatment on these allantoinases was 
possibly due to a mechanism similar to that in the case of allantoate 
amidohydrolase from Streptococcus allantoicus, Arthrobacter allan-
toicus, Escherichia coli (VOGELS, 1963, 1966) and Pseudomonas 
acidovorans (TRUBELS and VOGELS, 1966b). 
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6 5 4 
pH during pretreatment 
Figure 3 
Stability of various allantoinases as a function of pH. To aliquote of the enzyme so­
lutions volumes of 0.1 M sodium acetate-acetic acid buffer with different pH values 
were added. The pH of the mixtures is indicated in the figure. After 6 mm at 30° 
an aliquot of the mixture was added to an allantoin solution. The incubation mixtures 
contained, per ml, 200 цтоіез diethanolamine-HCl buffer (pH 7.7) and 42 цтоіез 
allantoin. In addition 10 μπιοΐββ GSH were present in the tests with Arthrobacter 
allantoicus and Escherichia coli, and 0.1 μπιοΐβ MnS04 in the same tests and in 
the experiments with Streptococcus allantoicus, Phaseolus hysterinus Dur. and 
soy beans. The amounts of purified allantoinases in μg per ml incubation mixture, 
and the velocities ( т ц т о і е в allantoin converted per ml per mm) measured with 
water instead of acetate buffer were for each species, respectively Streptococcus 
allantoicus (S.a.) 15.6, 105, Arthrobacter allantoicus (A.a) 8, 23, Escherichia coli 
(E.c.) 50, 124, Pseudomonas acidovorans (P.a.) 66, 29, Pseudomonas fluorescens 
(P. f . ) l l , 4.5, frog hver (F.) 12.5, 7.8, goldfish liver (G.) 570, 5.1. Phaseolus hys­
terinus Dur. (P.h.) 210, 75 and soy beans (G.h.) 380, 99. The velocities measured 
after pretreatment at the indicated pH values are expressed in percentages of the 
velocity measured with the untreated material. Incubation was at 30°. 
4.3.4 Optical specificity of allantoinase 
Optical specificity of allantoinases was reported for the enzymes 
from fish liver (FOSSE, THOMAS and DE GRAEVE, 1934), soy beans 
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Figure 4 
Activation of allantoinase from Phaseolus hysterinus Dur. by acid-pretreatment. 
The experiment was performed as described in Fig.3. The pretreatment with acetate 
buffer was performed either during 6 min at 30° (1), 6 min at 0° (2) or half a minute 
at 0° (3). 
(FOSSE, THOMAS and DE GRAEVE, I? 4 4; LEE and ROUSH, 1964; 
FRANKE et al., 1965; VAN DER DRIFT and VOGELS, 1966), Phaseolus 
hysterinus Our. (VAN DER DRIFT and VOGELS, 1966) and Pseudomonas 
acidovorans (TRUBELS and VOGELS, 1966b). The enzymes from 
Streptococcus allantoicus andArthrobacterallantoicus werenot stereo-
specific (VOGELS, 1963). 
The stereospecificity of purified allantoinase of Pseudomonas acido­
vorans was studied (Fig. 5). This enzyme degraded (+)-allantom much 
faster than (-)-allantoin. The apparent specific optical rotation [o · ]^ 
was calculated from the amount of allantoate formed and the observed 
optical rotation during allantoin degradation. Extrapolation of these 
Γ -ι o r » 
values gave a specific optical rotation la of -80+1° for (-)-allantom 
which was lower than the value of -92° found by FOSSE, THOMAS and 
DE GRAEVE (1934), but in good agreement with the value of LEE and 
ROUSH (1964) who found -80°. On the basis of this value the initial veloc­
ities for the degradation of (+)- and (-)-allantoin were calculated from 
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the degradation curve of (+-)-allantoin and the change in optical rotation 
during this degradation (Table 5). Two examples (frog liver and Phase-
olus hysterinusOur.) are shown in Figs. 6a and 6b. The enzymes from 
all sources, with the exception of Streptococcus allantoicus, Arthro-
bacter allantoicus and Escherichia coli, degraded (+)-allantoin faster 
than the (-)-form. However, none of the allantoinases tested showed 
absolute stereospecificity. 
0 6 0 120 100 
I n c u b a t i o n time (min) 
Figure 5 
Degradation of (+-)-allantoin by allantoinase from Pseudomonas acidovorans, change 
in optical rotation and determination of the specific optical rotation of (-)-allan-
toin. The incubation mixture at 30° contained, per ml, 46 μπιοΐββ (+-)-allantom, 
200 μπιοΐεβ diethanolamine-HCl buffer (pH 7.7) and 15.5 μg purified allantoinase. 
Allantoate formed was measured by differential glyoxylate analysis. Optical ro­
tation was measured in a Perkm-Elmer Polarimeter with a 10-cm tube and a so­
dium-vapor lamp at 589 τημ as light source. 
LEE and ROUSH (1964) obtained similar results for the enzyme from 
bakers' yeast but reported complete stereospecificity for soy bean al­
lantoinase. Previously, THOMAS and DE GRAEVE (1934) demonstrated 
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that the enzyme from soy beans degraded (+)-allantoin 2.6 t imes faster 
than (-)-allantoin. FRANKE et al. (1965) also investigated the s te reo-
specificity of soy bean allantoinase and found the degradation ra te of 
(+)-allantoin to be about 20 t imes that of (-)-allantom. Since the same 
result was obtained with crude extract as well as with highly purified 
enzyme, FRANKE et al. concluded that the slow degradation of (-)-al-
lantoin could not be explained by the action of a r a c e m a s e . 
T a b l e 5 
Specificity of allantoinase for the optical i s o m e r s of allantoin 
The experiments were performed at 30° in mixtures containing, per ml, 39 μπιοιββ 
(+-)-allantoin (for Pseudomonas acidovorans 46 iimoles), 175 μιηοΐεε diethanol-
amine-HCl buffer (pH 7.7) (for Pseudomonas acidovorans 200 μιηοΐεβ) and purified 
allantoinase. In the experiments with Arthrobacter allantoicus and Escherichia 
coli, moreover, 12 цтоіез thioglycolate were present and in those with Strepto­
coccus allantoicus , Arthrobacter allantoicus, Escherichia colt, Phaseolus hyste-
rinus Dur. and soy beans 0.1 μιηοΐβ MnS04. 
Organism 
Streptococcus allantoicus 
Arthrobacter allantoicus 
Escherichia coli 
Pseudomonas acidovorans 
Pseudomonas fluorescens 
Frog liver 
Phaseolus hysterinus Dur. 
Glycine hispida L. 
Degradation rates 
(+)-form/(-)-form 
1 
1 
1 
21.5 
6.3 
4.9 
13.5 
4.4 
Amounts of 
purified 
allantoinase (ug) 
68 
62 
56 
16 
30 
150 
860 
460 
Combining all these resul t s two groups of allantoinases can be dis­
tinguished on the basis of their optical specificity. The first group in­
cludes the optically non-specific enzymes from Streptococcus allan­
toicus, Arthrobacter allantoicus and Escherichia coli, which a r e bacteria 
that grow only under anaerobic conditions in allantoin containing media. 
The second group comprises the optically specific enzymes from higher 
plants, severa l microorganisms (Pseudomonas species, b a k e r s ' yeast) 
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and animal livers (frog, goldfish, Raja clavata), which degraded (+)-al-
lantoin 5-20 times faster than (-)-allantoin. 
90 120 150 1β0 
Incubahon time (mm) 
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іаО 240 
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Figures 6а and 6b 
Degradation of (+-)-allantoin and change in optical rotation by allantoinases from 
Phaseolus hysterinusOur. (Fig. 6a) and frog liver (Fig. 6b). The experiments were 
performed at 30° in mixtures containing, per ml, 39 ц т о і е з allantoin, 175 цтоіев 
diethanolamine-HCl buffer (pH 7.7) and purified allantoinase (0.86 mg from Phaseo­
lus hysterinus Dur. or 0.15 mg from frog liver). In the former case 0.1 μπηοίε 
MnS04was present. From the degradation curve for (+-)-allantoin and the change 
in optical rotation, the breakdown of (+)- and (-)-allantoin was calculated. Optical 
rotation was measured in a Perkin-Elmer Polarimeter with a 10-cm tube and a 
sodium-vapor lamp at 589 πιμ as light source. 
4.3.5 Heat-stability 
The influence of heat-pretreatment on the enzymic activity of alian-
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toinases was investigated in order to determine the thermostability of 
the enzymes. The effect of 5 min heat-pretreatment on the activity is 
shown in Fig. 7. Most of the enzymes were largely inactivated by heating 
between 50° and 60°. The enzymes from soy beans and Phaseolus 
hysterinus Dur. were much more stable. RO (1932) found little loss of 
soy bean allantoinase activity upon heating for 30 mm at 70°. The 
,killingtemperature,,definedbyVONEULER(1925) as the temperature 
that caused loss of half the activity in 30 min, was determined for soy 
bean allantoinase by RO (1932) who found 80° and by FRANKE et al. 
(1965) who gave a value of 81.5°. Allantoinase from bakers' yeast (LEE 
and ROUSH, 1964) was stable up to 40° and was inactivated at temper­
atures above 55°. 
0 -) 1 ι 1 ' 1 1 1 1 
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Figure 7 
Inactivation by heat-pretreatment of allantoinases from Escherichia colt (Δ), Pseu­
domonas acidovorons (»), frog liver (A), Streptococcus allantoicus (o), Arthrobacter 
allantoicus (·),Pseudomonas flworescens(<t), goldfish liver (x), Phaseolus hysterinus 
Dur. (a) and Glycine hispida L. (•). An aliquot of enzyme solution was heated for 
5 mm at the indicated temperatures at pH 7.5. The resulting activity was measured 
under standard conditions (Table 2) and compared with untreated material. 
4.3.6 Activation energy 
The activation energy of an enzyme can be determined by measuring 
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the activity at different incubation temperatures. Table 6 presents the 
activation energies for several allantoinases. The activation energies 
of Streptococcus allantoicus and the Pseudomonas species amounted 
to 11.8 kcal/mole; the other preparations showed values of about 8.9 
kcal/mole. The activation energies were measured in the temperature 
range from 0-27°, where the Arrhenius plots showed straight lines 
(Fig. 8). Above 27°, deviations occurred from a straight line plot. 
FRANKE et al. (1965) found for soy bean allantoinase an activation 
energy of 10.2 kcal/mole between 0-10° and 5.7 kcal/mole in the tem­
perature range from 30-40°. 
T a b l e 6 
Activation energies of allantoinases 
Reaction velocities were determined at different temperatures in mixtures con­
taining, per ml, 190 μιηοΐεβ diethanolamine-HCl buffer (pH 7.7), purified allan­
toinase, and 4.2 μιτιοίβε allantoin. In experiments with Streptococcus allantoicus, 
Arthrobacter allantoicus and Escherichia colt 0.1 μπιοΐβ MnS04 and 10 μπιοΐεβ 
GSH were also present, and in experiments with Phaseolns hysterinus Dur. and 
soy beans 0.1 μπιοίε MnS04. Arrhenius plots were made, and the activation ener­
gies were calculated. 
Organism 
Streptococcus allantoicus 
Arthrobacter allantoicus 
Escherichia colt 
Pseudomonas acidovorans 
Pseudomonas fluorescens 
Frog liver 
Phaseolus hysterinus Dur. 
Glycine hispida L. 
Activation energy 
(cal/mole) 
11 800 
9 050 
8 350 
11 750 
11 900 
8 900 
9 000 
9 100 
In a number of cases Arrhenius plots approximate to two straight 
lines meeting at an angle. There was a change from one value of acti­
vation energy to another at a distinct transition temperature. Many 
explanations for these discontinuities have been suggested, but it is not 
possible at the moment to select the right one. The deflection probably 
48 
did not result from enzyme denaturation, since the enzyme, especially 
from plants, was stable at temperatures up to 55°. Recently, MASSEY, 
CURTIand GANTHER (1966) reported that a large number of enzymes 
showed a similarly anomalous behavior as to the activation energy and 
they demonstrated a temperature-dependent transformation of D-amino 
acid oxidase from one stable form to another at the transition tempera-
ture. Both forms possessed catalytic activity but differed in activation 
energy. They suggested that the anomalous Arrhenius plots found for 
other enzymes might be due to a similar thermally induced reversible 
change in protein structure. 
320 340 360 
• i o J 
Figure 8 
Determination of the activation energies of allantoinases from Phaseolus hysterinus 
Dur. (1), Pseudomonas fluorescens (2) and frog liver (3). Incubation and analysis 
were performed as given in Table 6. 
4.4 DISCUSSION AND CONCLUSIONS 
In the studies reported in this Chapter a comparative study of the 
properties of allantoinases from various sources was made. The prop-
erties of the enzymes from Streptococcus allantoicus, Arthrobacter 
allantoicus, Escherichia coli, Pseudomonas acidovorans, Pseudomonas 
fluorescens, frog liver, goldfish liver, Phaseolus hysterinus Dur. and 
soy beans (VOGELS, TRUBELS and UFFINK, 1966) were compared 
with the results of previous studies of the enzymes from bakers yeast, 
Candida utilis, basidiomycetes, Raja clavata, soybeans and mung beans. 
The specific activities of the nine allantoinases, which were inves-
tigated extensively, varied between 0.029 (Phaseolus hysterinus Dur.) 
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and 2.1 (Streptococcus allantoicus) units per mg protein. The enzyme 
was also shown to be present in some microorganisms which were grown 
in media without allantoin, but the specific activities were 3- to 30-fold 
lower than those found in the allantoin-grown microorganisms. 
The enzymes were purified 2.5-to 37-fold by (NH^SC^ precipitation 
and DEAE-cellulosechromatography. No standard purification proce-
dure could be given, because the enzymes differed as to the saturation 
range of (NH^SO^ in which the enzyme precipitated and to the con-
centration range of NaCl in which the enzyme eluted from the DEAE-
cellulose column. Allantoinases from Pseudomonas species and higher 
plants were rather stable during purification, whereas the enzymes from 
Escherichia coli, Pénicillium notatum and animal livers were largely 
inactivated under those conditions. The bacterial enzymes showed rather 
narrow pH optima, while the enzyme activities in higher plants and 
animal livers were constant over a broad pH range and were inhibited 
by phosphate buffers in the range pH 6.5-7.5. The Km values varied 
from 3xl0"3 M (frog liver) to 23x10"^ M (Phaseolus hysterinus Dur.). 
The activation energies were found to be 11.8 kcal/mole for Strep-
tococcus allantoicus and the Pseudomonas species, and about 8.9 kcal/ 
mole in five other preparations. The enzymes from soy beans and 
Phaseolus hysterinus Dur. were much more stable against heat-inactiva-
tion than the bacterial and animal enzymes, which were easily inacti-
vated by heating between 50° and 60°. Most allantoinases were inactivated 
during acid-pretreatment at pH values between 5.4 and 4.0. The enzymes 
from Phaseolus hysterinus Dur. and soy beans, however, were activated 
1.3-to 1.6-fold at pH 5.4 to 4.5. 
The specificity for (+)- and (-)-allantoin was also studied. Three 
allantoinases (Streptococcus allantoicus, Arthrobacter allantoicus and 
Escherichia coli) were non-specific. All other enzymes degraded (+)-al-
lantoin faster than the (-)-form. The ratio of the degradation rates of 
(+)- and (-)-allantoin varied between 5 and 20. The specific optical 
1 30 
rotation α =-80+1° for (-)-allantoin was in good agreement with the 
results of LEE and ROUSH (1964). 
It appeared that the allantoinases differed from each other in most 
of the properties mentioned. Four groups of enzyme sources were used 
in this study: animal livers, plant seeds, Pseudomonas species and 
three bacteria that can use allantoin as sole organic substrate for growth 
under anaerobic conditions. A certain relationship existed between the 
source of the enzyme and some of its properties, namely pH optimum, 
heat-stability and acid-stability. Other differences showed no corre-
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lation with this classification at all, namely behavior during purifica­
tion, K
m
 and activation energy. 
FRANKE et аЦ1965) demonstrated that animal and Aspergillus niger 
uricase produced (+)-allantom from uric acid. It is reasonable to as­
sume that in most organisms with uricase activity only (+)-allantoin is 
produced from uric acid, because the allantoinases tested by us all 
degraded preferably (+)-allantoin, with the exception of the three afore 
mentioned non-specific enzymes. Thus, only the allantoinases from 
bacteria which were grown on allantoin under anaerobic conditions were 
non-specific. Since allantoin can racemize (FOSSE, THOMAS and DE 
GRAEVE, 1934), the compound may be present in the optically inactive 
form in decaying biological material. Streptococcus allantoicus, Arthro-
bacter allantoicus and Escherichia species are probably the scavengers 
of this compound, which is present in large quantities in nature as an 
excretion product of animals and as a compound involved in the storage 
and transport of nitrogen in a large number of plant families. 
Recently, VOGELS and VAN DER DRIFT (1966) studied the effect of 
bivalent cations and reducing substances on the enzymic activity of 
different allantoinases. They were able to distinguish four groups among 
the enzymes on the basis of the influence of these substances and they 
discussed the structural differences of the active sites in allantoinases 
of these groups. 
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CHAPTER 5 
CONVERSION OF ALLANTOIC ACID 
TO UREIDOGLYCOLIC ACID. 
ALLANTOATE AMIDOHYDROLASE AND ALLANTOICASE 
At present two pathways are known along which allantoate can be 
degraded. The enzyme allantoicase (allantoate amidinohydrolase, EC 
3.5.3.4) catalyzes the conversion of one mole of allantoate to two moles 
of urea and one mole of glyoxylate. It was detected independently by 
KREBS and WEIL (1935) in frog liver and by BRUNEL (1936) in the 
mycelium of Aspergillus niger. Furthermore, it has been found in As·-
pergillus phoenicis and Aspergillus oryzae (BRUNEL, 1936, 1939 a.b) 
and in liver of frog and ray species (BRUNEL, 1937). A review of the 
occurrence of allantoicase has been given in Chapter 1. 
VALENTINE et al. (1962) and VOGELS (1963) assumed the allan-
toicase reaction to be a two-step reaction, each step yielding one mole 
of urea. Allantoate was converted to ureidoglycolate and urea. The 
enzyme catalyzing this reaction will henceforth be called allantoicase 
(allantoate amidinohydrolase). The second enzyme, catalyzing the con-
version of ureidoglycolate to urea and glyoxylate, will be called ureido-
glycolase (ureidoglycolate amidinohydrolase). 
The second pathway of allantoate degradation has been described by 
VOGELS (1963, 1966). Cell-free extracts of Streptococcus allantoicus, 
Arthrobacter allantoicus, Escherichia colt, Escherichia coli var. 
acidilactici and Escherichia freundii converted one mole of allantoate 
to two moles of ammonia, one mole of carbon dioxide and one mole of 
ureidoglycolate. The degradation of allantoate to ureidoglycolate was 
supposed to involve a two-step reaction. In the first step allantoate was 
converted to one mole of ammonia, one mole of carbon dioxide and one 
mole of ureidoglycine by the enzyme allantoate amidohydrolase and in 
the second step ureidoglycine was converted to ammonia and ureido-
glycolate by the enzyme ureidoglycine aminohydrolase (Scheme 2). 
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5.1 DEGRADATION OF ALLANTOIC ACID BY ALLANTOATE AMIDO-
HYDROLASE OF Pseudomonas acidovorans 
Cells of Pseudomonas acidovorans grown in media containing either 
peptone (0.4%) or allantoin (0.4%) as nitrogen source possess an allan-
toate-degrading enzyme. The specific activity of the enzyme was, how­
ever, only 0.032 unit per mg protein in the cells grown on peptone and 
0.40 unit per mg protein in those grown on allantoin. 
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Figure 9a 
Glyoxylate formation from allantoate as a function of the incubation time. The in­
cubation mixture contained, per ml, 0.14 μιηοΐβ sodium allantoate, 0.17 μπηοΐβ 
MnS04, 6.6pmoles Phenylhydrazine hydrochloride, 34 μπιοΐεε triethanolamine-HCl 
buffer (pH 7.4), 14 цтоіев Tris-HCI buffer (pH 7.6) and a DEAE-cellulose fraction 
oftheallantoate-degrading enzyme from Pseudomonas acidovorans. Incubation was 
performed at 23°. Glyoxylate was determined from the absorbance at 324 ιημ ac­
cording to the method described in Chapter 2. An increase in absorbance at 324 ιτιμ 
of 1.0 unit was equivalent to the production of 0.06 μιηοίε glyoxylate per ml. Puri­
fication of the enzyme was performed by DEAE-cellulose chromatography. Cell-
free extract of Pseudomonas асг'А>і>огал5(600 mg protein) was applied to a column. 
The column was washed with 0.05 M Tris-HCI buffer (pH 7.6) and thereafter, the 
elution was continued by washing with 0.05 M Tris-HCI buffer (pH 7.6) with con­
tinuously increasing concentration of NaCl. The enzyme emerged from the column 
when the concentration of NaCl in the eluate reached 0.22 M. 
Figure 9b 
Ammonia formation from allantoate as a function of the incubation time. The incu­
bation mixture contained, per ml, 18.8 μπιοΐββ sodium allantoate, 0.23 μΓηοΙε МпЗОф 
75 μηιοΐεβ triethanolamine-HCl buffer (pH 7.7), 0.62 mg jack bean urease and a 
DEAE-cellulose fraction of the allantoate-degrading enzyme from Pseudomonas 
acidovorans containing 0.28 mg protein (see Fig.9a). Incubation was performed 
at 30°. Ammonia was measured by nesslerization. 
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On incubation of partly purified allantoate-degrading enzyme from 
cell-free extracts of Pseudomonas acidovorans with allantoate, we 
observed the formation of about four moles of ammonia (when jack bean 
urease was added) and one mole of glyoxylate per mole of allantoate 
degraded (Figs. 9a and 9b). In order to distinguish between the two above 
mentioned mechanisms of allantoate degradation a quantitative deter­
mination of ammonia and urea was necessary. In the pathway catalyzed 
by allantoate amidohydrolase, ureidoglycolate is formed together with 
two moles of ammonia via ureidoglycine. In the second one, catalyzed 
byallantoicase, one mole each of ureidoglycolate and urea are formed 
from one mole of allantoate. Both pathways involve ureidoglycolate as 
an intermediate. This substance is converted to urea and glyoxylate by 
ureidoglycolase. In the former pathway the conversion of one mole of 
allantoate to glyoxylate is accompanied by the production of two moles 
of ammonia and one mole of urea, whereas in the latter pathway two 
moles of urea are produced besides one mole of glyoxylate. It was not 
possible to distinguish directly between these two mentioned mecha­
nisms, because urease was present in the crude cell-free extract of 
Pseudomonas acidovorans and would hydrolyze any urea formed. For 
that reason we separated the allantoate-degrading enzyme from urease 
by gel filtration of the crude cell-free extract on Sephadex G-200. A 
column (73 cm χ 2.2 cm) was packed with Sephadex G-200 (particle 
size, 140-400 mesh) in a 0.05 M Tris-HCl buffer (pH 8.0). After equil­
ibration with this buffer the cell-free extract of Pseudomonas acido­
vorans was applied to the column. The elution was performed with the 
same buffer. Fractions of 5 ml were collected. The fractions containing 
the allantoate-degrading enzyme showed no urease activity but were 
still active in ureidoglycolate degradation. 
5.1.1 Degradation of allantoic acid in the presence or absence of urease 
One of the G-200 fractions containing the allantoate-degrading enzyme 
was tested in the following manner. A mixture containing per ml: 14.6 
μπιοΐεβ sodium allantoate, 85 μτηοΐεε diethanolamine-HCl buffer (pH 
8.5), 0.06 цтоІеМпЗО^ 4.22 μιτιοΐεε GSH and a Sephadex G-200 frac­
tion containing 0.21 mg protein was incubated for 180 min at 30° in the 
presence or absence of 0.53 mg jack bean urease. In the presence of 
urease four moles of ammonia were formed in the incubation mixture 
per mole of allantoate degraded. In the absence of added urease two 
moles of ammonia and one mole of urea were formed. This result sug­
gested the occurrence in Pseudomonas acidovorans of an allantoate-
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degrading mechanism involving allantoate amidohydrolase and not al-
lantoicase. 
5.1.2 Reversible activation and inactivation ofallantoate amidohydrolase 
of Pseudomonas acidovorans by acid-pretreatment 
6 4 2 
pH during pretreatment 
Figure 10 
Reversible activation and inactivation of allantoate amidohydrolase of Pseudomonas 
acidovorans as a function of pH. For activation (open circles), aliquots of 0.1 ml 
extract, containing 1.47 mgprotein, were mixed with 0.4 ml 0.05 M buffer solutions 
(phosphate, acetate or citrate) to obtain the indicated pH values. After 30 sec at 0°, 
0.1 ml of the mixture was added to 2 ml assay medium containing per ml 130 μιηοΐεβ 
diethanolamine-HCl buffer (pH 8.5), 22 μτηοΙβΒ sodium allantoate, 7 μπηοΐεβ neutral­
ized GSH and 0.1 μπιοΐβ MnSO,}. For inactivation (closed circles), 0.5 ml extract 
containing 7.35 mg protein was mixed with 0.5 ml 0.05 M citrate buffer (pH 2.4). 
After 30 sec at 0°, aliquots of 0.2 ml of the mixture were added to 0.8 ml 0.05 M 
buffers in order to obtain the indicated pH values. After 30 sec at 0°, 0.2 ml was 
added to 2 ml of the assay medium. Incubation was for 30 min at 30°, and allantoate 
hydrolysis was measured by differential glyoxylate analysis according to Method D, 
From the values obtained the specific activity was calculated. 
Allantoate amidohydrolase from various sources could be activated 
by a short pretreatment with acid (VOGELS, 1966). We tested the enzyme 
from Pseudomonas acidovorans for this characteristic property. Fig. 
10 shows the effect of acid-pretreatment for 30 sec at 0° of cell-free 
extract of Pseudomonas acidovorans on the activity of the allantoate-
degrading enzyme. Activation occurred below pH 5. On further decreas­
ing the pH values to about 2.5 the activity increased continuously. Sim­
ilar results were found for the enzyme from Escherichia species (VO­
GELS, 1966). Activated extracts of Pseudomonas acidovorans were 
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inactivated at pH values below 7.5. The extent of activation and inac-
tivation at pH values below 5 indicated that an equilibrium was estab­
lished between active and inactive enzyme. This equilibrium shifted 
towards the active form of the enzyme on lowering the pH and towards 
the inactive form on increasing the pH. This finding contrasted with the 
results obtained with Streptococcus allantoicus and Arthrobacter allan-
toicus. Activation of these enzymes occurred below a definite pH value; 
the extent of activation below this pH did not change upon further lower­
ing of the pH. A mechanism of the activation of allantoate amidohydrolase 
by acid-pretreatment has been proposed by VAN DER DRIFT and VO­
GELS (1967). 
5.1.3 Inhibition of allantoic acid degradation by ureidoglycolic acid 
T a b l e 7 
Inhibition of allantoate amidohydrolase of Pseudomonas acidovorans 
by ureidoglycolate 
The following mixtures were incubated for 60 min at 30°. 
Expt. 1: a mixture containing, per ml, 4.0 цтоіев sodium allantoate, 37 μιηοΐοε 
triethanolamine-HCl buffer (pH 7.4), 0.28 μπιοίε MnSC^, 30 μηιοίβε Tris-HCl buffer 
(pH 8.0) and a Sephadex G-200 fraction of allantoate amidohydrolase from Pseudo-
monas acidovorans containing 0.42 mg protein. 
Expt. 2: the same mixture supplied with 8.3 μηηοΐεε (+-)-ureidoglycolate. 
Expt. 3: the same mixture as in Expt. 2 but without allantoate. 
Expt. 4: the same mixture as in Expt. 3 but without enzyme fraction. 
Experiment 
1 
2 
3 
4 
Allantoate 
μΐηοΐ68/ιη1 
0.3 
3.4 
-
-
Ureidoglycolate 
μιηοΙεβ/ΓηΙ 
0 
7.3 
7.1 
7.6 
Glyoxylate 
цтоіев/т і 
3.7 
1.8 
1.2 
0.7 
The influence of ureidoglycolate, an intermediate in allantoate degra­
dation, on allantoate amidohydrolase of Pseudomonas acidovorans was 
investigated (Table 7). In the absence of added (+-)-ureidoglycolate 
about 92% of the allantoate was degraded to glyoxylate, and ureidogly­
colate did not accumulate, whereas in the presence of (+-)-ureidogly­
colate (8.3 mM) only 20% of the allantoate was degraded. The allantoate 
degradation was inhibited strongly by addition of (+-)-ureidoglycolate. 
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On testing (+-)-ureidoglycolate as substrate (Expt. 3) only about 6% was 
*-tteg3fií?fed enzymically and about 9% non-enzymically (Expt. 4). This ob-
servation contrasted with the result obtained using allantoate as sub-
strate (Expt. 1), as starting from this compound the ureidoglycolate 
formed was converted much more rapidly to glyoxylate than the chemi-
cally synthesized (+-)-ureidoglycolate. This difference probably result-
ed from the specificity of the ureidoglycolate-degrading enzyme for 
one of the optical isomers of ureidoglycolate and the inhibition of the 
degradation of this optical isomer by the other. We will prove that 
ureidoglycolase from Pseudomonas acidovorans acts only on (+)-ureido-
glycplate (6.3.1). Therefore, it seemed likely that only this optical 
isomer of ureidoglycolate was produced from allantoate. The experi-
ments described in Table 7 suggested strongly that both the allantoate 
and t ie (+)-ureidoglycolate degradation were inhibited strongly by (-)-
ureidoglycolate. 
5.1.4 Conclusion 
The degradation of allantoate in Pseudomonas acidovorans was cata-
lyzed by allantoate amidohydrolase and not by allantoicase since two 
moles of ammonia and one mole of urea were produced per mole of 
allantoate, in the absenceof urease. Furthermore, reversible activation 
of the enzyme at low pH values was demonstrated. This phenomenon of 
activation and inactivation is a characteristic of allantoate amidohydro-
lase. 
Allantoate amidohydrolase from Pseudomonas acidovorans probably 
produced (+)-ureidoglycolate from allantoate, and (-)-ureidoglycolate 
inhibited both allantoate amidohydrolase and ureidoglycolase. Further 
evidence will be given in 6.3.1. 
BACHRACH (1957) isolated a Pseudomonas that produced two moles 
of ammonia and one mole of urea per mole of allantoin. He assumed 
that the organism was urease-positive. However, we believe that a 
degradation scheme of allantoate, similar to that of Pseudomonas 
acidovorans was involved in his Pseudomonas strain (TRUBELS and 
VOGELS, 1966b). This Pseudomonas strain of BACHRACH (1957) was 
recently shown to be Pseudomonas acidovorans by STANIER, PALLE-
RONI and DOUDOROFF (1966). 
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5.2 DEGRADATION OF ALLANTOIC ACID BY ALLANTOICASE 
A discrepancy existed between the results of different authors as to 
the degradation of uric acid and allantoin by Pseudomonas aeruginosa. 
LIEBERT (1909) and VOGELS (1963) found urea as endproduct and no 
ammonia. DETURK (1955) and FRANKE and HAHN (1955), however, 
observed formation of ammonia from uric acid and allantoin by the same 
organism. Since these contrasting results did not permit a conclusion 
as to whether allantoate was degraded by allantoate amidohydrolase or 
by allantoicase, we have studied extensively the allantoate degradation 
by this organism. 
10 20 50 40 
Incubation time (min) 
Figure 11 
Allantoate hydrolysis by Pseudomonas aeruginosa, and change in optical rotation 
during hydrolysis as a function of incubation time. The incubation mixture con­
tained, per ml, 73 μπιοΐββ sodium allantoate, 75 ixmoles triethanolamine-HCl 
buffer (pH 7.45) and cell-free extract of Pseudomonas aeruginosa containing 1.82 
mg protein. The mixture was incubated at 30°, and allantoate (1), ureidoglycolate (2) 
and glyoxylate (3) were measured by differential glyoxylate analysis. Optical rota­
tion (4) was measured in a Perkm-Elmer polanmeter with a 10-cm tube and a 
sodium-vapor lamp at 589 πιμ as light source. 
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Fig. 11 shows the production of ureidoglycolate and glyoxylate from 
allantoate by cell-free extracts of Pseudomonas aeruginosa. The for-
mation of ureidoglycolate and urea was confirmed by paper electropho-
resis of an aliquot of the mixture, given in Fig. 11, after 35 min of in-
cubation. With the aid of Ehrlich's reagent and by comparison with the 
authentic compounds, ureidoglycolate and urea were detected on the 
electropherogram. Under the experimental conditions (pyridine-acetic 
acid-water (10:1:8.9, by vol.; pll 6.5) for 75 min, at 1500 V, 80 mA, and 
-6°) allantoate and ureidoglycolate traveled 7.0 and 9.2 cm to the anode, 
and urea 0.5 cm to the cathode. 
The experiment represented in Fig. 11 was also performed in the 
Polarimeter in order to determine whether only one or both optical 
isomers of ureidoglycolate were formed from allantoate. The degra-
dation of allantoate was accompanied by a change in optical rotation. 
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was calculated from the amount of The specific optical rotation 
lycolate formed and 
= -10.4°, which was in accordance with the value found else •a 
ureidog the observed optical rotation. We found 
30 
D 
where for (-)-ureidoglycolic acid (TRUBELS and VOGELS, 1966b). This 
experiment indicated that (-)-ureidoglycolate accumulated during degra-
dation of allantoate. The stereospecificity of the enzyme allantoicase 
will be discussed extensively in 5.2.3.6. 
In order to distinguish between the two pathways along which allantoate 
could be degraded, a quantitative determination of ammonia and urea 
was performed. On incubation of sodium allantoate with cell-free ex-
tracts of Pseudomonas aeruginosa, no ammonia was formed. This in-
dicates that the allantoate degradation by this organism involves the 
pathway catalyzed by allantoicase and ureidoglycolase. The production 
of about one mole of urea and one mole of ureidoglycolate per mole of 
allantoate is demonstrated in Table 8. 
Similar results were obtained with cell-free extracts of Pseudomonas 
fluoresçens,Pénicillium notatum and Pénicillium citreo-viride.Ureido-
glycolate was always the first product of the allantoate degradation and 
about one mole of urea was formed per mole of allantoate degraded to 
ureidoglycolate by these organisms. The specific activities of allan-
toicases from Pseudomonas aeruginosa, Pseudomonas fluoresçens. 
Pénicillium notatum and Pénicillium citreo-viride were 0.1, 0.02, 0.2 
and 0.2 unit per mg protein, respectively, when the organisms were 
grown in several media which did not contain allantoin. The specific 
activities were enhanced to 12.1, 1.3 and 2.4 units per mg protein, r e -
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spectively, in the former three organisms when allantoin was used as 
nitrogen source. The specific activity of the enzyme from Pénicillium 
citreo-viride was not influenced by addition of allantoin to the growth 
media. 
T a b l e 8 
Production of ureidoglycolate, glyoxylate and urea from allantoate 
by cell-free extract of Pseudomonas aeruginosa 
The incubation mixture contained, per ml, 20 μπιοίβε sodium allantoate, 80 μιηοΐεβ 
triethanolamine-HClbuffer(pH7.5),0.98mgjack bean urease and cell-free extract 
of Pseudomonas aeruginosa containing 0.18 mg protein. The mixture was incubated 
at 30°. Ammonia formed was measured by the glutamate dehydrogenase method; 
ureidoglycolate and glyoxylate were measured according to the differential glyoxy­
late analysis. In the absence of urease no ammonia was formed. 
T ime 
(min) 
10 
20 
30 
40 
Ureidoglycolate 
μιτιοΙεε/ΓηΙ 
8.2 
10.6 
14.2 
15.9 
Glyoxylate 
ц т о і е з / т і 
0.61 
0.83 
1.52 
1.58 
Urea 
μιηοΙεΒ/πιΙ 
8.2 
12.7 
14.9 
16.6 
5.2.1 Purification of allantoicase from cell-free extracts of Pseudo­
monas aeruginosa 
The enzyme allantoicase from Pseudomonas aeruginosa was purified 
partly and separated from ureidoglycolase in order to study the con­
version of allantoate to ureidoglycolate. The overall purification pro­
cedure involved DEAE-cellulose chromatography with step wise elution, 
DEAE-cellulose chromatography with gradient elution and Sephadex 
G-200 gel filtration (Table 9). 
Cell-free extract of Pseudomonas aeruginosa was applied to a cooled 
DEAE-cellulose column (45 cm χ 3.3 cm) equilibrated with 0.05 M Tris-
HC1 buffer (pH 7.5), containing 0.17 μπιοίε EDTA per ml. The column 
was washed with the same buffer, and thereafter with 0.1 M NaCl dis­
solved in this buffer. During the latter elution 83% of the original al­
lantoicase activity emerged from the column. This fraction was dialyzed 
against the above mentioned buffer for 12 h at 4° and applied to a second 
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T a b l e 9 
Purification of allantoicase from Pseudomonas aeruginosa 
Allantoicase activity was tested in incubation mixtures containing, per ml, 87 μπιοΐββ 
triethanolamine-HCl buffer (pH 7.5), 0.87 umole MnS04, 100 μπιοΐββ sodium allan­
toate and an appropriate amount of enzymic material. The mixtures were incubated 
at 30° 
Fract ion 
1 Crude extract * 
2 DEAE-cellulose 
(step wise elution) 
3 DEAE-cellulose 
(gradient elution) 
4 Sephadex G-200 
Total 
protein 
(mg) 
850 
154 
51 
31 
Total 
units 
10 300 
8 500 
8 500 
5 480 
Specific 
activity 
12.1 
55.0 
167 
177 
Recovery 
units 
100 
83 
83 
53 
* Prepared from cells which were grown for 21 h in 10 1 yeast extract-allantoin 
medium (2.2). 
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Figure 12 
Gel filtration of allantoicase from PseMdomonos aeruginosa on Sephadex G-200. 
Enzyme activity was determined as in Table 9 with sodium allantoate (о—o) or with 
25 μιηοΙβΒ ureidoglycolate (·—•J.perml, as substrate. Fraction volume was 3.2 ml. 
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cooled DEAE-cellulose column (43 cm χ 2.1 cm) equilibrated with the 
buffer. Allantoicase was eluted with the same buffer in which the NaCl 
concentration was continuously increased to 0.2 M. The active fractions 
were collected, dialyzed against distilled water for 12 h at 4°, lyophilized 
and dissolved in 3 ml 0.05 M Tris-HCl buffer (pH 7.5). This solution 
was applied to a column (74 cm χ 2.1 cm) packed with Sephadex G-200 
in 0.05 M Tris-HCl buffer (pH 7.5). The gel filtration was performed 
at room temperature by washing the column with the same buffer. The 
elution pattern is shown in Fig. 12. As a result of this purification pro­
cedure the specific activity of allantoicase was enhanced 15 times and 
53% recovery of the units was obtained. 
5.2.2 Degradation of ureidoglycolic acid by allantoicase 
The purified allantoicase preparation was found to exhibit enzymic 
activity towards allantoate and (+-)-ureidoglycolate (Fig. 12). Maximal 
activity for both substrates was obtained at the same elution volume 
and the enzymic activities against allantoate and ureidoglycolate in the 
fractions forming the peak (Fig. 12) were distributed in a constant ratio 
(6:1). After each purification step about the same ratio was found be­
tween these activities. The question arose therefore whether one or two 
enzymes were present here. 
In an attempt to elucidate this problem the purified allantoicase prep­
aration, obtained after gel filtration, was subjected to polyacrylamide-
gel electrophoresis which was performed for 3 h at 5 mA, 25-30 V/cm, 
4°; cylinder dimensions 60 mm χ 9 mm. The discontinuous buffer system 
ofORNSTEIN (1962) was used. After the electrophoretic run the gel was 
cut into 26 pieces of about 2 mm each and the pieces were homogenized 
in 1.5 ml 0.1 M triethanolamine-HCl buffer (pH 7.5) and tested for en­
zymic activity towards allantoate and (+-)-ureidoglycolate. The two 
activities were found together in pieces 21-23, numbered from the origin, 
in the same 6:1 ratio as obtained in the chromatographic fractionation. 
These results strongly suggest that one enzyme, represented by the 
single peak in Fig. 12, degraded both allantoate and (+-)-ureidoglycolate. 
This enzyme will be called allantoicase. In 6.1 we will demonstrate the 
existence of a second enzyme occurring in cell-free extract oí Pseudo-
monas aeruginosa,which degraded (+-)-ureidoglycolate but was inactive 
against allantoate. This enzyme will be called ureidoglycolase. The 
purified allantoicase preparation did not contain this enzyme. More 
evidence in support of the conclusion that allantoicase also hydrolyzes 
ureidoglycolate will be presented later on in this Chapter. 
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5.2.3 Properties of allantoicase 
5.2.3.1 Reaction rate of allantoicase as a function of the substrate 
concentration 
The effect of allantoate concentration on the enzymic activity of al­
lantoicase from some microorganisms is given in Fig. 13. According 
to the method of HOFSTEE (1952,1959), ν (цтоіез of allantoate degraded 
per ml in 30 min) was plotted against v/S. K
m
 was obtained by dividing 
the intercept on the vertical axis by the intercept on the horizontal axis. 
The Michaelis constants determined for the allantoicases from Pseudo­
monas aeruginosa.Pseudomonas fluorescens. Pénicillium citreo-viride, 
Pénicillium notatumand frog liver were 1.73x10"2M, 9.50x10" M, 2.86x 
10"2M, 1.67xl0-2M and 6.39xl0-3M, respectively. 
Figure 13 
Rate of the allantoicase reaction as a function of allantoate concentration. Incuba-
tion mixtures contained, per ml, 88 μιηοίβε triethanolamine-HCl buffer, pH 7.4, 
{Pseudomonas aeruginosa, Pénicillium citreo-viride and Pénicillium notatum), 
and 88 μητιοΐεβ acetic acid-sodium acetate buffer, pH 5.8, (Pseudomonas fluores­
cens), sodium allantoate and cell-free extracts of Pseudomonas aeruginosa, Pseu­
domonas fluorescens. Pénicillium citreo-mride or Pénicillium notatum containing 
140, 210, 47 or 58 μg protein, respectively. Incubation was at 30 for 30 min. 
In view of the ability of allantoicase from Pseudomonas aeruginosa 
to degrade ureidoglycolate as well, we also determined the effect of the 
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ureidoglycolate concentration on the enzymic degradation of this com­
pound by the purified preparation of allantoicase. The Michaelis con­
stant for this substrate was found to be 1.32x10"2M. This value refers 
to (+)-ureidoglycolate as substrate, since the enzyme degrades this 
isomer more rapidly than the (-)- form (see 5.2.3.6). Since the K
m 
value for allantoate as substrate (1.73x10"^M) was about equal to the 
K
m
 value for (+)-ureidoglycolate as substrate (1.32xl0"-M),allantoicase 
from Pseudomonas aeruginosa has about equal affinity for these two 
substrates. 
5.2.3.2 pH optimum 
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Figure 14 
pH-activity curves of allantoicases from various organisms. Incubation mixtures 
contained, per ml, 26.6 μπιοίβε sodium allantoate, cell-free extracts of Pseudo­
monas aeruginosa, Pseudomonas fluorescens. Pénicillium citreo-viride or Péni-
cillium notatum containing 20, 212, 85 or 104 μg protein, respectively, and 80 
(Pseudomonas species) or 73 (Pénicillium species) μπιοΐεβ Ыа2СОз-ЫаНСОз buffer 
(pH 8.7-10.1), diethanolamine-HCl buffer (pH 7.7-8.9), triethanolamine-HCl buffer 
(pH 7.0-7.9), Na2HP0 4 -KH2P0 4 buffer (pH 6.3-7.2), or acetic acid-sodium acetate 
buffer (pH 4.3-6.1). Incubation was for 30 min at 30°. 
The allantoicase activity was studied as a function of the pH of the 
assay mixture. From the results of these experiments, shown in Fig.14, 
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it was concluded that the pH optimum was about 7.2 for the enzyme 
from Pseudomonas aeruginosa, Pénicillium notatum and Pénicillium 
citreo-viride and 6.0 for allantoicase from Pseudomonas fluorescens. 
Optimal activity of frog liver allantoicase was observed at pH about 
7.6. The purified allantoicase preparation of Pseudomonas aeruginosa 
was optimally active against ureidoglycolate at pH 7.5 (see 6.4.2). 
5.2.3.3 Stability as a function of pH 
4 6 Ô 
pH d u r i n g pr*treatment 
Figure 15 
Stability of purified allantoicase from Pseudomonas aeruginosa as a function of 
pH. To 1 volume of the enzyme solution, containing 0.12 mg allantoicase and 1.6 
μτηοΐββ MnS04 per ml, 1 volume of 0.2 M acetic acid-sodium acetate buffer with 
different pH values were added. The pH of the mixture is indicated m the figure. 
After 10 mm at 30°, a 0.1 ml sample of the mixture was added to 1.1 ml of a sodium 
allantoate or an ureidoglycolate solution, containing 120 μιηοΐεβ sodium allantoate 
or 30 μπιοΐββ ureidoglycolate, 200 μιηοΐεβ tnethanolamine-HCl buffer (pH 7.5) and 
1 μΓηο1εΜη5θ4. Incubation was for 15 mm at 30°. The result at pH 7.35, represented 
m the figure, was obtained when water instead of buffer was used. Allantoate (full 
line) and ureidoglycolate (dashed line) degraded were determined by differential 
glyoxylate analysis. 
Fig. 15 presents the stability of the purified allantoicase preparation 
ot Pseudomonas aeruginosa as a function of pH. The enzyme was treated 
at the indicated pH values for 10 mm at 30° and thereafter the activity 
was tested at pH 7.5 with allantoate or ureidoglycolate as substrate. The 
activities thus found were plotted as a function of the pH during the 
pretreatment. At pH values between 5.5 and 7.4 the enzyme was rather 
stable, below pH 5.5 a sharp decrease of the activity occurred. The 
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extent of inactivation at pH 4.8 was strikingly high. The pH-stability 
curves of allantoicase were nearly identical for both substrates. The 
ratio of the enzymic activities against allantoate and ureidoglycolate 
was almost constant in the pH range tested. This result provided further 
evidence that one enzyme catalyzed the degradation of both allantoate 
and ureidoglycolate. 
The influence of pretreatment at pH values between 7.2 and 4.0 on the 
enzymic activity of allantoicase was also tested with cell-free extracts 
of Pseudomonas fluorés cens. The enzyme was rather stable at pH values 
between 7.2 and 5.4. On decreasing the pH below 5.4 the activity dimin-
ished rapidly and was abolished completely after 10 min at pH 4.5. 
5.2.3.4 Influence of bivalent cations and EDTA on the enzymic activity 
of allantoicase 
The influence of bivalent cations and EDTA on the enzymic activity 
of allantoicase is represented in Table 10. The allantoicases from all 
organisms tested were inhibited to a varying degree by Hg^ "1" and Cu . 
EDTA had no effect on allantoicase from Pénicillium citreo-viride and 
Pénicillium notatum.The enzymic activity in Pseudomonas aeruginosa 
and Penicilliu· citreo-viride extracts was not influenced by Μη , 
whereas this ion showed a slight inhibition on allantoicase from Pseudo­
monas fluorescens and Pénicillium notatum. The other bivalent cations 
showed no striking effect on the reaction. The experiments presented 
in Table 10 were performed with crude cell-free extracts of the or-
ganisms. The effect of metal ions on the enzymic activity may vary, 
however, with the purity of the enzyme. It has been reported that par-
tially purified arginase is activated by CcP*, Mn^+ and Ni , but that 
the highly purified enzyme is activated only by Mn^ "1". Phosphorylase 
kinase in crude extract is activated by Mn and Ca , but not by Mg , 
the purified enzyme, however, is activated by Mn and Mg , but not 
by Ca2 + (DIXON and WEBB, 1964). For that reason we tested the in-
fluence of bivalent cations on the activity of purified allantoicase from 
Pseudomonas aeruginosa with allantoate as substrate (Table 11). None 
of the cations tested inhibited the reaction; Mg , Ca2+, Ni and Pb 
had little or no effect. All other cations tested enhanced the activity 
2+ 2+ 
of allantoicase, Mn and Cd being the strongest activators. Similar 
results were obtained with ureidoglycolate as substrate, but the acti-
vating effect of Cd , Mn^+ and Pb^+ was more pronounced in these 
experiments. 
Comparison of the results obtained with the allantoicase in a crude 
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T a b l e 10 
Influence of bivalent cations and EDTA on the enzymic activity 
of al lantoicases 
The experiments were performed in mixtures containing, per ml, 25.8 umoles 
sodium allantoate, 77 цтоіев triethanolamine-HCl buffer (pH 7.45) in the case of 
Pseudomonas aeruginosa, Pénicillium citreo-viride and Pénicillium notatum, and 
77 цтоіез acetic acid-sodium acetate buffer (pH 5.8) in the case of Pseudomonas 
fluorescens, and crude cell-free extracts of Pseudomonas aeruginosa. Pénicillium 
citreo-viride. Pénicillium notatum or Pseudomonas fluorescens containing 17.5, 
40, 49.2 or 185 μg protein, respectively. Reagents were added to a final concentration 
of 0.23μΓηο1ε/πι1. Incubation at 30° for 30 min. Allantoate degraded was determined 
according to the differential glyoxylate analysis. In similar experiments without 
added reagents 5.6, 3.4, 0.84 and 1.27 μπιοΐεβ allantoate were degraded, per ml, 
by cell-free extracts of Pseudomonas aeruginosa. Pénicillium citreo-viride. Pén-
icillium notatum or Pseudomonas fluorescens, respectively. Rates of hydrolysis 
were expressed in percentages of these values. 
Reagents 
(2 .3x10-4 M) 
M g 2 + 
Cd2+ 
M n 2 + 
Ni2+ 
Co2+ 
Pb 2+ 
Zn2+ 
C u 2 + 
H g 2 + 
EDTA 
Rate of hydrolysis (%) 
Pseudomonas 
aeruginosa 
_ 
93 
99 
-
100 
-
109 
74 
89 
-
Pseudomonas 
fluorescens 
-
100 
87 
-
91 
-
87 
0 
13 
-
Pénicillium 
citreo-viride 
102 
115 
100 
97 
108 
99 
100 
52 
84 
98 
Pénicillium 
notatum 
92 
117 
94 
83 
98 
81 
88 
24 
70 
102 
cel l -free extract and with the purified enzyme showed a different effect 
of some cations on the enzymic activity. The enzyme in the crude ce l l -
free extract was practically not influenced by Cd2 + , Со2"1", M n 2 + and 
Zn , whereas the purified enzyme was activated by these ions. Allan-
toicase was inhibited by Cu2"1" in crude extract, but the purified enzyme 
was activated by this ion. 
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T a b l e 11 
Influence of bivalent cations on the enzymic activity 
of purified allantoicase from Pseudomonas aeruginosa 
The incubation mixtures contained, per ml, 20 μτηοΐββ sodium allantoate or 20 
lomóles ureidoglycolate, 67 ц т о і е з triethanolamine-HCl buffer (pH 7.5), cations 
to a final concentration of 2.5 χ Ι Ο - 4 M and 4 μg allantoicase of Pseudomonas aeru­
ginosa. The mixtures were incubated for 30 min at 30°. In the experiments without 
added cation 4.42 μιηοΐ68 allantoate or 0.64 дто іе ureidoglycolate were degraded 
per ml. Rates of hydrolysis were expressed in percentages of these values. 
Corrections were made for non-enzymic hydrolysis of ureidoglycolate. 
Cation 
( 2 . 5 x l O - 4 M ) 
Mg2+ 
Ca2+ 
C d 2 + 
M n 2 + 
Ni2+ 
Co2+ 
p b 2 + 
Z n 2 + 
Cu2+ 
Rate of hydrolysis (%) 
Allantoate 
114 
99 
177 
196 
94 
130 
110 
129 
156 
Ureidoglycolate 
86 
107 
266 
315 
94 
143 
218 
127 
140 
5.2.3.5 Inhibition of allantoicase by phosphate buffers and reducing 
substances 
Since several enzymes concerned in the allantoin degradation were 
inhibited by phosphate buffers, the effect of these buffers on the activity 
ofallantoicase was determined. Fig. 16 shows the influence Diphosphate 
buffers with increasing molarities on allantoicase from Pseudomonas 
aeruginosa at different pH values. At pH 7.5 the enzyme was inhibited 
only slightly by phosphate buffers. Upon lowering the pH and increasing 
the molarity of phosphate the inhibiting effect on the enzymic activity 
increased markedly. In 0.13 M phosphate (pH 6.65) about 40% of the 
activity was lost. A similar enhancement of the inhibiting effect of phos-
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phate buffers at decreasing pH values was observed for allantoinase 
(4.3.2) and urease (FRANËK, 1959). A possible explanation of this phe-
nomenon might be the increase of H2P04~ ions at decreasing pH values. 
Therefore, it is possible that these ions inhibit the activity of allan-
toinase, allantoicase and urease. The inhibition of allantoicase by phos-
phate buffers probably affected the pH-activity curves of this enzyme 
(Fig. 14), since these curves were measured partly in phosphate buff-
ers . 
0.05 0.10 0.15 
[Phosphate] 
Figure 16 
Inhibition of purified allantoicase from Pseudomonas aeruginosa by phosphate buff-
e rs with increasing molarities at different pH values. The pH of the buffers is 
given in the figure. Per ml incubation mixture were present 25 μιτιοΙεΒ sodium 
allantoate, 167 μπιοΐεβ buffer (composed of triethanolamine-HCl buffer and phos­
phate buffer; the molarity of the latter bufier is indicated) and 3.7 ng purified allan­
toicase from Pseudomonas aeruginosa. Incubation was for 30 min at 30 . In the 
absence of phosphate buffers 3.5 μηιοΙεΒ allantoate were degraded per ml at each 
of the three pH values. 
Cysteine, GSH and thioglycolate markedly influenced the activity of 
allantoinase and allantoate amidohydrolase. For that reason the effect 
of some reducing substances on the activity of purified allantoicase was 
investigated. Pseudomonas aeruginosa allantoicase was inhibited 53% 
by 10"2M GSH and 34% by 10"2M thioglycolate. Cysteine was not tested 
because this substance disturbed the differential glyoxylate analysis 
(2.1). 
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5.2.3.6 Optical specificity of allantoicase 
When the substrate of an enzyme is a symmetrical molecule and the 
product contains an asymmetric carbon atom, the enzyme nearly always 
produces only one optical isomer, or, in other words, it carries out an 
asymmetric reaction. Considering the allantoicase catalyzed reaction it 
is obvious that this enzyme catalyzes such a reaction: 
NHo NM? NH2 NHo 
I I +H2O I I 
CO COOH CO
 д т т
 Avrrnï^ACi; C 0 + C 0 0 H C 0 
ι ι 1 ALLANTOICASE ι 1 
N H — C H NH NH2 OH—CH NH 
ALLANTOIC АСШ UREA UREIDOGLYCOLIC ACID 
Cell-free extracts of Pseudomonas aeruginosa were incubated with 
allantoate and the change in optical rotation as well as the production 
of ureidoglycolate were followed (Fig. 11). The specific optical rotation 
of the compound formed during this degradation was calculated to be 
30 
= -10.4° on the basis of the molecular weight of ureidoglycolic 
" Í 130 
acid. This value was in good agreement with the value of α =-10+1° 
found previously for (-)-ureidoglycolic acid with the stereospecific 
ureidoglycolase from Pseudomonas acidovorans (TRUBELS and VO­
GELS, 1966b). Therefore, it was concluded that allantoicase from Pseu­
domonas aeruginosa converted allantoate to (-)-ureidoglycolate. 
The afore mentioned ability of allantoicase to degrade also ureido­
glycolate (5.2.2) gave rise to the question whether only one or both 
optical isomers of ureidoglycolate were degraded. In order to answer 
this question a purified allantoicase preparation, which did not contain 
ureidoglycolase, was incubated with (+-)-ureidoglycolate as substrate. 
Fig. 17 shows that the degradation of (+-)-ureidoglycolate was accom­
panied by a change in optical rotation. From the curves in Fig. 17 it 
was calculated that the degradation rate of (+)-ureidoglycolate was 
about 3-4 times that of the (-)-form. These results indicated that al­
lantoicase from Pseudomonas aeruginosa produced (-)-ureidoglycolate 
from allantoate, but preferably degraded (+)-ureidoglycolate. This re­
sult becomes intelligible, when the structural resemblance of the groups 
involved in the two conversions catalyzed by allantoicase is noticed 
(Scheme 3, full lines). 
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Figure 17 
Degradation of ureidoglycolace by allantoicase. The incubation mixture contained, 
per ml, 100 цтоіез (+-)-ureidoglycolate, 77 д т о і е э triethanolamine-HCl buffer 
(pH 7.5), 0.77 μπιοΐβ MnS04 and 91 μg purified allantoicase. tacubation was for 75 
min at 30°. Optical rotation was measured in a Perkin-Elmer Polarimeter with a 
10-cm tube and a sodium-vapor lamp at 589 ιτιμ as light source. 
Figure 18 
Production of allantoate from urea and (-)-ureidoglycolate by allantoicase from 
Pseudomonas aeruginosa. The incubation mixture contained, per ml, Immole urea, 
106 μπιοΐεβ (+-)-ureidoglycolate, 85 μπιοΐεβ triethanolamine-HCl buffer and 35 μg 
purified allantoicase. The pH was adjusted to 7.5. A mixture without enzyme served 
as control. Both mixtures jvere incubated at 30 for 200 min. Change in optical ro­
tation during allantoate formation is also plotted. 
The stereospecificity of allantoicase could be explained by applying 
OGSTON'S (1948) theory of discrimination between seemingly identical 
groups in symmetr ica l molecules. OGSTON showed that attachment of 
a symmetr ica l molecule (like allantoate) to an enzyme at three points 
could lead to differentiation of identical groups (like the two ureido 
groups in allantoate). The ability of an enzyme to distinguish between 
two identical groups in a symmetrical molecule can be shown by the 
fact that only one of the two groups is attacked by the enzyme, so that only 
one optical i somer of the product is formed. In Scheme 3 only the left 
ureido group of allantoate was assumed to be attached to the active site 
ofthe enzyme molecule. This part icular -NH-CO-NH2 group will react 
and only one optical i somer of ureidoglycolate, the (-)-form, will be 
produced. The degradation of (+)-ureidoglycolate by the same enzyme 
can be expected by comparing the stereochemical s t ructure of this com­
pound with that of allantoate and the resemblance of both conversions. 
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Scheme 3 
Degradation of allantoate by Pseudomonas aeruginosa (full lines) and Pseudomonas 
acidovorans (dotted lines). 
The stereospecificity of the allantoicase reaction was further con-
firmed by the enzymic synthesis of allantoate from urea and (-)-ureido-
glycolate. (The reversibil i ty of the allantoicase reaction will be d i s -
cussed in 5.2.4). Starting from urea (1 M) and (+-)-ureidoglycolate 
(0.1 M), allantoate was formed in the presence of Pseudomonas aerugi-
nosa allantoicase (Fig. 18). The observed change in optical rotation 
during this conversion indicated that only (-)-ureidoglycolate was t r a n s -
formed into allantoate. 
The same stereospecificity of allantoicase was also found during a l -
lantoate degradation by extracts of Pénicillium notatum, Pénicillium 
citreo-viride and frog liver (Rana esculenta). Measurement of changes 
in the optical rotation in experiments with extracts of Pseudomonas 
fluorescens was difficult because of the low specific activity of its 
allantoicase. Evidence from several experiments, however, indicated 
that (-)-ureidoglycolate had also been produced in extracts of this 
organism. 
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This study of the stereospecificity of the enzyme allantoicase indi-
cated that the enzymes from Pseudomonas aeruginosa, Pseudomonas 
fluorescens. Pénicillium notatum. Pénicillium citreo-viride and frog 
liver all formed (-)-ureidoglycolate from allantoate. The production 
of (+)-ureidoglycolate from allantoate by allantoate amidohydrolase 
from Pseudomonas acidovorans will be discussed in 6.3.1. 
5.2.4 Equilibrium of the allantoicase reaction 
bicubat ion t ime (τηιτι) 
Figure 19 
Equilibrium of the allantoicase reaction. The experiment was started with a mixture 
containing, per ml, 58.5 μπιοΙθΒ sodium allantoate, 89 umoles triethanolamine-HCl 
buffer (pH 8.0) and cell-free extract of Pseudomonas aeruginosa containing 0.2 mg 
protein. The mixture was incubated at 30° and allantoate (1), ureidoglycolate (2) and 
glyoxylate (3) were measured by differential glyoxylate analysis. After 90 min, 60 
μπιοΐεβ solid sodium allantoate were added to 1 ml of the incubation mixture and 
the reaction was followed for a further 60 min. 
In experiments with cell-free extracts of Pseudomonas aeruginosa 
allantoate was not degraded completely. In Fig. 19 the allantoate decom­
position was plotted as a function of the incubation time. After about 
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50 min, when 73% of the originally-present allantoate had been hydro-
lyzed, no further degradation of allantoate was observed upon incubation 
for another 40 min. After90minof incubation, 60 umolesof solid sodium 
allantoate were added to 1 ml of the incubation mixture, enhancing the 
concentration to 76 μπιοίεβ/ηιΐ. This addition resulted in a further 
breakdown of allantoate to 47% of the total amount present at 90 min of 
incubation. Addition of crude cell-free extract of Pseudomonas aeru­
ginosa after 150 min did not result in further degradation of allantoate. 
The result of this experiment indicated either that allantoicase from 
Pseudomonas aeruginosa was inhibited competitively by a product 
formed from allantoate or that an equilibrium was reached. 
Incubation of allantoate with crude cell-free extract of Pseudomonas 
aeruginosa in the presence of urease, added at the start of the experi­
ment, did not influence the endpoint of the reaction. Therefore, it seemed 
likely that no equilibrium was reached and that urea accumulation did 
not inhibit the allantoicase reaction. 
30 60 90 
Incubation time ( mm ) 
Figure 20 
Effect of urease and (-)-ureidoglycolase on allantoate degradation by Pseudomonas 
aeruginosa allantoicase. The incubation mixtures contained, per ml, 100 μπιοΐεδ 
sodium allantoate, 58 μιηοΐεβ triethanolamine-HCl buffer (pH 7.5), 0.83 umole 
MnS04 and 200 μg purified allantoicase (1). In addition 62 μg purified (-)-ureido-
glycolase were present in one experiment (2) and 1.36 mg jack bean urease in 
another experiment (3). The mixtures were incubated for 90 min at ЗСР. 
Like crude cell-free extracts, purified allantoicase also hydrolyzed 
allantoate only partly (Fig.20). Addition of urease or (-)-ureidoglycolase 
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fromPseitdomonas aerMg'¿nosa(see6.1)to the incubation mixture, how-
ever, resulted in further degradation of allantoate, in contrast to the 
results obtained by addition of urease to the crude extract. This con-
tradiction cannot be explained at present. It should be noted, that ad-
dition of urease to incubation mixtures with purified allantoicase did 
not always result in complete splitting of allantoate. Especially at higher 
allantoate concentrations, this compound was hydrolyzed only partly by 
purified allantoicase even in the presence of urease. From the experi-
ments presented in Fig. 20 it appeared that in the presence of urease 
about 98% of the originally-present amount of allantoate was degraded 
and in the presence of (-)-ureidoglycolase 87%. In the absence of these 
additions only 75% of the substrate was split. The addition of urease or 
(-)-ureidoglycolase resulted in a degradation of urea or (-)-ureido-
glycolate, respectively, both being products of the allantoicase reaction. 
The influence of (-)-ureidoglycolase on the position of the equilibrium 
was clear, moreover, from the larger amount of glyoxylate formed in 
the presence of this enzyme (Fig. 20). 
More evidence for the establishment of an equilibrium during allan-
toate decomposition was obtained from experiments in which urea, one 
of the products, was added to the incubation mixture (Fig. 21). In the 
absence of added urea 75% of allantoate was degraded. In the presence 
of 0.72 M or 1.44 M urea only 22 or 12% of allantoate, respectively, 
was converted. The equilibrium constant, 
[allantoate] 
К = . 
[urea]. [(-)-ureidoglycolate] 
calculated from these three experiments gave values of 4.5, 4.9 and 
5.1 M"!, respectively. 
The enzymic synthesis of allantoate from urea and ureidoglycolate 
has been mentioned, already. During incubation of urea (IM) and (+-)-
ureidoglycolate (0.1 M) allantoate was formed in the presence of al­
lantoicase (Fig. 18). At the end of the experiment 76% of (-)-ureido-
glycolate was converted to allantoate. From the observed optical rota­
tion it was calculated that only the (-)-form of ureidoglycolate had been 
converted. The equilibrium constant (3.2 M"l) calculated from this 
experiment was somewhat lower than the values obtained upon approach­
ing the equilibrium from the other direction. The purified allantoicase 
preparation, used in this experiment, did not contain (-)-ureidoglycolase 
activity. In experiments with crude cell-free extracts of Pseudomonas 
aeruginosa (TRUBELS and VOGELS, 1966a) the reverse reaction could 
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not be demonstrated, which was apparently due to the presence of (-)-
ureidoglycolase in these extracts. 
30 60 
Incubation time (min ) 
Figure 21 
Influence of urea, methylurea and thiourea on allantoate degradation by allantoicase. 
The incubation mixtures contained, per ml, 100 μπιοΐββ sodium allantoate, 86 μπιοΐββ 
triethanolamine-HCl buffer (pH 7.5) and 86μg purified allantoicase (1). To this mix­
tures was added, respectively, per ml, 950 μπιοΐββ methylurea (2), 140 μιηοΐββ 
thiourea (3), 720 μπιοΐββ urea (4) or 1440 μιηοΐεβ urea (5). The mixtures were in­
cubated for 60 min at 30°. 
Methylurea and thiourea, like urea, shifted the position of the equi­
librium. In the presence of 0.95 M methylurea or 0.14 M thiourea only 
50 or 46% of allantoate was degraded, respectively, while in their ab­
sence 75% conversion was reached (Fig. 21). Apparently both compounds 
reacted with (-)-ureidoglycolate, reversing the allantoicase reaction 
with formation of methyl- and thioallantoate, respectively. This would 
mean that the enzyme allantoicase hydrolyzes methyl- and thioallantoate 
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as well and that it is not specific for allantoate. The degradation r a t e 
observed upon incubation of 5-methylallantoate with the purified allan­
toicase preparation was, however, 30 t imes lower than that obtained 
with allantoate under the same conditions. 
If an incubation mixture.in which the reaction had reached equilibrium, 
was diluted 100-fold with distilled water a further conversion of allan­
toate to urea and ureidoglycolate was observed. After 30 min almost 
no allantoate was found in the diluted solution. This shift of the equi­
librium was in accordance with the m a s s law and further confirmed 
the establishment of an equilibrium in the allantoicase reaction. 
5.2.5 Heat-stability of allantoicase 
T a b l e 12 
Heat-stability of allantoicase from Pseudomonas aeruginosa 
in the presence and absence of Mn^"1" 
Mixtures containing, per ml, 50 μηιοΐεβ Tris-HCl buffer (pH 7.5) and 120 μg 
purified allantoicase of Pseudomonas aeruginosa, which did not contain (-)-ureido-
glycolase activity, were heated for 5 min at the indicated temperatures in the 
presence or absence of 8 χ ΙΟ"'* M MnS04. Aliquote of the pretreated enzyme solu­
tions were incubated for 15 min at 3(P in mixtures containing, per ml, 96 μπιοίβε 
sodium allantoate or 25 μτηοΐββ ureidoglycolate, 83 μπιοίβε triethanolamine-HCl 
buffer (pH 7.5), 0.83 μπιοίε MnS04 and 10 μg pretreated purified allantoicase. 
Temperature 
during 
pretreatment 
30° 
50° 
55° 
60° 
65° 
70° 
75° 
Allantoate degraded 
^moles/ml) 
+ M n 2 + 
21.2 
22.0 
21.4 
21.3 
23.0 
21.5 
21.6 
- M n 2 + 
22.3 
18.9 
21.4 
20.9 
10.8 
1.3 
0 
Ureidoglycolate degraded 
^moles/ml) 
+ Mn 2 + 
5.05 
5.18 
5.28 
5.83 
5.21 
5.11 
5.16 
- M n 2 + 
3.70 
2.60 
2.56 
2.27 
0.70 
0.13 
0 
The influence of heat-pretreatment on the enzymic activity of Pseu­
domonas aeruginosa al lantoicase was tested in the presence and absence 
of M n 2 + . In i ts presence allantoicase was stable for m o r e than 5 min at 
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75°, whereas in its absence the enzyme was inactivated completely 
within 5 min at 75° (Table 12). This protection of enzyme activity by 
Mn2+ against heat-denaturation was obáerved with allantoate as well 
as with ureidoglycolate as substrate, which further supported the con-
clusion that both conversions were brought about by one enzyme, namely 
allantoicase (5.2.2). 
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Figure 22 
Influence of heat-pretreatment on allantoate (1) and ureidoglycolate (2) degradation 
by crude cell-free extract of Pseudomonas aeruginosa. A mixture of 7 дтоіев 
MnS04, crude cell-free extract of Pseudomonas aeruginosa containing 4.86 mg 
protein and distilled water in a final volume of 1 ml was incubated for the indicated 
time intervals at 70°. Aliquots of the pretreated material were incubated at 3(Р 
for 30 min in mixtures containing, per ml, 113 μπιοΐεβ sodium allantoate or 27.3 
μτηοΐββ (+-)-ureidoglycolate, 91 μπιοΐββ triethanolamine-HCl buffer (pH 7.5), 0.13 
pmole MnSO^ and 88 μg protein. Under these conditions untreated material de­
graded 23.4 μιηοΐεβ allantoate or 7.43 μπιοίβε ureidoglycolate per ml. Activities 
in the figure are expressed in percentages of these values. 
Crude cell-free extracts of Pseudomonas aeruginosa contained both 
allantoicase and (-)-ureidoglycolase activity. Allantoate and ureidogly­
colate degradation by these extracts was measured after heating the 
extract at 70° in the presence of Mn^+ (Fig. 22). The enzymic activity 
against allantoate was not influenced by this treatment, but 30% of the 
activity against ureidoglycolate disappeared within a few minutes of 
this treatment. This decrease of the ureidoglycolate-degrading activity 
of crude cell-free extracts of Pseudomonas aeruginosa was due to heat-
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inactivation of ureidoglycolase, since the capacity of allantoicase to 
hydrolyze ureidoglycolate was completely maintained under these con­
ditions (Table 12). The heat-inactivation of purified (-)-ureidoglycolase 
from Pseudomonas aeruginosa in the presence and absence of Mn2+ 
will be described in 6.6. These results allowed the determination of the 
ureidoglycolase activity in crude cell-free extracts of Pseudomonas 
aeruginosa from the difference in enzymic activity before and after 
heat-pretreatment of the material at 70° in the presence of Mn . The 
experiment, presented in Fig. 22 showed that (-)-ureidoglycolase ac­
counted for about 30% of the total ureidoglycolate-degrading activity of 
crude cell-free extracts and allantoicase for 70%. It seemed worth­
while to apply the heat-stability of allantoicase in the presence of Mn^+ 
in an effort to enhance the specific activity of the enzyme in crude cell-
free extract of Pseudomonas aeruginosa, h mixture of 7 дтоіез MnS04 
and crude cell-free extract of Pseudomonas aeruginosa, containing 
4.86 mg protein in a final volume of 1 ml, was treated for 10 min at 
30° or 70° and thereafter cooled to 0°. The mixture treated at 70° was 
centrifuged to remove the precipitated proteins. Allantoicase activity 
and protein content were determined in the supernatant from the prep­
aration treated at 70° as well as in the preparation kept at 30°. The 
specific allantoicase activity of the crude cell-free extract, treated at 
30°, was found to be 8.3 units per mg protein; the fraction, treated at 
70°, showed a much higher specific activity, namely 29.8 units per mg 
protein. The specific activity was enhanced 3.6-fold. 
From the results of the experiments, shown in Table 12, it appeared 
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that heat-pretreatment of purified allantoicase in the absence of Mn 
did not influence the enzymic activity up to 60°, when tested with allan-
toate as substrate. However, the ureidoglycolate-degrading activity 
of allantoicase diminished, and about 30% of this activity was lost at 
50° within 5 min. This phenomenon was studied more closely. Fig. 23 
demonstrates the decrease of the ureidoglycolate-degrading activity 
of allantoicase as a function of the time of pretreatment at different 
temperatures. At 20° only a low inactivation rate was observed. The 
maximal degree of inactivation was reached after about 20 min at 35°. 
Addition of EDTA to the purified allantoicase preparation prevented 
this inactivation, as appeared from the experiment described in Fig. 
24. In the presence of 1.4xlO"4M EDTA no loss of ureidoglycolate-
degrading activity was observed during heat-pretreatment up to 55°. 
From these results it appeared that in the presence of Mn heat-
pretreatment of allantoicase up to 75° did not result in any loss of ac­
tivity either against allantoate or against ureidoglycolate as substrate. 
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Time of pretreatment (min ) 
Figure 23 
Influence of heat-pretreatment on ureidoglycolate degradation by purified alian-
toicase from Pseudomonas aeruginosa. Mixtures containing, per ml, 50 μιηοΐεβ 
Tris-HCl buffer (pH 7.5) and 120 μg purified allantoicase were treated at the in­
dicated temperatures. At the indicated time intervals aliquote of the pretreated 
enzyme solutions were added to ureidoglycolate solutions and incubated for 15 mm 
at ЗСЯ. The incubation mixtures contained, per ml, 25 μπιοΙεΒ ureidoglycolate, 83 
μπιοΐεβtnethanolamine-HClbuffer (pH 7.5), 0.83 μΓηο1εΜη5θ4 and 10 μg pretreated 
allantoicase. 
In the absence of Mn "^1" the activity against allantoate disappeared above 
60°, whereas the activity against ureidoglycolate already decreased at 
temperatures above 20°. This loss of activity against ureidoglycolate 
was prevented by addition of EDTA. In order to investigate the possible 
reversibility of the inactivation observed with ureidoglycolate as sub­
strate, a purified allantoicase preparation was treated for 30 mm at 
40° under the conditions applied in Fig. 23. In this period the enzymic 
activity was reduced to 31% of its original value. After 30 min, Mn 
or EDTA were added to the enzyme solution and the treatment was 
prolonged for another 30 mm. The loss of enzymic activity which oc­
curred within the first 30 mm of the experiment could be restored only 
partly by the addition of Mn^+ or EDTA. At the end of the treatment 
49% ofthe original-activity was found, if Mn (7.4xlO"4M) was added, 
and 66%, if EDTA (1.3x10" M) was added. Even at concentrations of 
these substances exceeding those sufficient to prevent inactivation, 
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restoration of the activity was incomplete. This inactivation was pos-
sibly due to displacement of a bivalent cation from the enzyme surface, 
thus decreasing the stability of the enzyme. It might be possible that 
Mn^+ replaced this ion and EDTA chelated it. 
î4! E \ A 
Οι 
'S 
E 
¿ 3 -
TJ 
Ol 
Τ ) 
α 
и 
?2-
τ) 
-S 
"ο 
"ο 
υ . 
>.ι -
ö> 
ο 
•β 
' θ ! 
к. 
3 o J 
• 
* ~'\ 
Ν, 
1 ; 
ν \ \ \ \ 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 
^ ^ ^ 
30 50 70 
Temperature during pretreatment ('CJ 
Figure 24 
Influence of EDTA on heat-stability of purified allantoicase from Pseudomonas 
aeruginosa. Mixtures containing, per ml, S i smó le s Tris-HCl buffer (pH 7.5), 0.14 
μπιοίε EDTA and 120 μg purified allantoicase were heated for 5 min at the indicated 
temperatures. Aliquote of the pretreated enzyme solutions were incubated for 30 
min at 30° in mixtures containing, per ml, 12.5 μπιοΐεβ ureidoglycolate, 83 μπιοΐεβ 
triethanolamine-HCl buffer (pH 7.5), 0.83 μιηοίε MnSC^ and 10 μg pretreat8d puri­
fied allantoicase. 
Our results were somewhat similar to those obtained by SAWADA 
(1964) for a crystalline acid-protease of Paecilomyces variati Bainier 
TPR-220. The enzyme was protected against heat-inactivation at 6CP 
byCa 2 + , Co2"*·, Cu 2 +, Mg2+, Mn 2 +, Sr2+, Zn2+ and by EDTA. SAWADA 
suggested that the protective effect of EDTA was the result of an acti­
vation of the enzyme by EDTA. The effect of EDTA on the thermal-
stability of allantoicase could not be explained in this manner, since 
this compound did not stimulate the enzymic activity of allantoicase. 
The influence of heat-pretreatment on the allantoicase activity had 
also been investigated with cell-free extracts of Pénicillium notatum. 
The results resembled those found with Pseudomonas aeruginosa (Fig. 
25). In the presence of Mn2+ the allantoicase activity against allantoate 
was stable up to 75°, whereas in its absence rapid inactivation occurred 
above 60°. With ureidoglycolate as substrate the enzymic activity de-
creased slowly above 40° in the presence of Μη , and rapidly in the 
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2+ ?·!-
absence of Mn . The decrease of the activity in the presence of Mn 
could be due to inactivation of ureidoglycolase present in crude cell-
free extracts of Pénicillium notatum, which was not stabilized by Mn 
(see 6.6). The resulting ureidoglycolate - splitting activity at 75°, there-
fore, must be a result of ureidoglycolate degradation by allantoicase. 
To test this hypothesis allantoate and ureidoglycolate degradation by 
crude cell-free extracts were measured after heat-pretreatment of the 
extract for 15 min at 75° in the presence of Mn . Enzymic activity 
against allantoate was not influenced by this pretreatment, but 60% of 
the activity against ureidoglycolate disappeared within 2 min. Prolonged 
treatment at 75° did not further decrease the latter activity. Ureido-
glycolase in the cell-free extract of Pénicillium notatum accounted for 
about 60% of the total ureidoglycolate-degrading activity. 
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Figure 25 
Influence of heat-pretreatment on allantoicase activity from Pénicillium notatum 
in the presence and absence of Mn "^1". Mixtures containing, per ml, 40 μπιοΐεβ Tr i s-
HC1 buffer (pH 7.5), 0.14 цтоіе EDTA and crude cell-free extracts of Pénicillium 
notatum (1.41 mg protein) were heated for 5 min at the indicated temperatures in 
the presence or absence of 2 χ 10'^ M MnS04. Aliquots of the pretreated enzyme 
solutions were incubated for 20 min at 30° in mixtures containing, per ml, 25 
μπιοίθβ sodium allantoate or 25 μτηοΐεβ ureidoglycolate, 83 μπιοΐεβ triethanolamine-
HC1 buffer (pH 7.5), 0.83 μιηοΐβ MnS04 and 118 ug protein. 
In contrast to the results obtained for the allantoicases of Pseudo­
monas aeruginosa and Pénicillium notatum, the enzyme from Pseudo-
monas fluorescensv/asnotprotected by Mn against heat-denaturation. 
This enzyme was stable at temperatures up to 40 and was inactivated 
almost completely on heating for 5 min at 60°. The allantoicase activity 
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of liver and kidney extracts from frog (Rana esculenta) diminished 
rapidly on heating the extracts for 5 min at temperatures exceeding 
40°; Kfrr"1" did not protect these enzymes against heat-denaturation. 
These extracts of frog organs did not contain any allantoicase activity 
after treatment for 5 min at temperatures above 55°. 
5.2.6 Influence of the incubation temperature on the activity of allan­
toicase from Pseudomonas aeruginosa 
T a b l e 13 
Influence of incubation temperature on the activity of allantoicase 
from Pseudomonas aeruginosa 
Mixtures containing, per ml, 96 дтоіев sodium allantoate, 83 μπηοίβε triethanol-
amine-HCl buffer (pH 7.5), 15 μg purified allantoicase, and in one ser ies 0.83 
ц т о і е MnS04, were incubated at the indicated temperatures. 
Incubation 
temperature 
30° 
40° 
50° 
60° 
70° 
Allantoate degraded (μηιοΐββ/τηΐ) 
+ M n 2 + 
5 min 
7.2 
12.7 
21.8 
23.6 
30.3 
10 min 
14.7 
25.5 
34.6 
47.0 
-
- M n 2 + 
5 min 
4.1 
7.7 
15.1 
21.0 
18.8 
10 min 
8.5 
16.1 
25.0 
35.8 
30.4 
The activity of purified allantoicase from Pseudomonas aeruginosa 
was studied as a function of the incubation temperature in the presence 
and absence of Mn 2 + (Table 13). The rate of allantoate hydrolysis was 
strongly enhanced at elevated temperatures. In the absence of Mn the 
reaction rate was optimal at about 60°, whereas in the presence of M n 2 + 
the optimum temperature of the allantoicase reaction was higher. This 
apparent shift of the optimum temperature was due to the protection of 
theenzymebyMn against heat-denaturation (see5.2.5). In the absence 
of Mn the enzyme was still active at 70° for more than 5 min. Since 
previously described experiments (5.2.5) showed that allantoicase was 
rapidly denaturated under these conditions, this result can only be ex­
plained as a protection of the enzyme against heat-denaturation by the 
substrate itself or by one of the products formed. 
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The effect of temperature on enzyme reactions can be expressed in 
terms of the temperature coefficient, which is the factor by which the 
velocity is increased on raising the temperature by 10°. For the allan-
toicase reaction this temperature coefficient, calculated for 5 min of 
incubation between 30° and 50°, was found to be about 1.8. In this tem­
perature range the activation energy was about 13 kcal/mole. Above 
50° deviations occurred which were not due to a denaturation effect, 
as the enzyme was stable at temperatures up to 6(P in the absence and 
up to 75° in the presence of Mn . 
5.2.7 The mixed substrate method applied to allantoicase from Pseudo­
monas aeruginosa 
T a b l e 14 
Mixed substrate method applied to a'lantoicase with allantoate 
and (+-)-ureidoglycolate as substrate 
The following mixtures were incubated for 30 min at 30°. 
Expt. 1: a mixture containing, per ml, 84 μπιοΐεβ sodium allantoate, 83 μπιοίβε 
triethanolamine-HCl buffer (pH 7.5), 1.37 mg jack bean urease, 0.83 μπιοίε MnS04 
and 10 u.g purified allantoicase from Pseudomonas aeruginosa. 
Expt. 2: the same mixture as in Expt. 1 but with 40 umoles (+-)-ureidoglycolate 
instead of sodium allantoate. 
Expt. 3: the same mixture as in Expt. 1 supplemented with 40 д т о і е з (+-)-ureido-
glycolate. 
Experiment 
1 
2 
3 
Initial velocities (μτηοΐεβ per min per ml) 
Allantoate 
0.91 
0.58 
Ureidoglycolate 
0.175 
0.048 
This method can be used to determine whether two reactions are 
catalyzed by the same enzyme. When the substrates for the two reactions 
are added together, the total velocity will be less than the sum of the 
velocities of the reactions measured separately, if only one enzyme is 
involved. This is so because with both substrates present together there 
will be competition between them, since the same active centre acts on 
.both substrates. The mixed substrate method was applied to the enzyme 
allantoicase which was supposed to catalyze both the conversion of al­
lantoate to urea and (-)-ureidoglycolate, and the conversion of (+)-urei-
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doglycolate to urea and glyoxylate. The experiment was performed in 
mixtures containing purified allantoicase and either sodium allantoate 
(84 mM) or sodium ureidoglycolate (40 mM); a third mixture contained 
both substrates together in these concentrations.The result of the experi­
ment is shown in Table 14. It is obvious that ureidoglycolate inhibited 
the allantoate degradation and viceversa. Since (+)-ureidoglycolate was 
not available as substrate, the racemic (+-)-ureidoglycolate was used 
in this experiment. Because of the reversibility of the reactions, how­
ever, the inhibition of the allantoate hydrolysis by (+-)-ureidoglycolate 
could be a result of the action of (-)-ureidoglycolate, reversing the reac­
tion. This possibility was eliminated by the simultaneous addition of 
urease to the incubation mixtures. The observed inhibition of the (+)-
ureidoglycolate breakdown in the presence of allantoate was not a result 
of the influence of (-)-ureidoglycolate formed from allantoate in the 
course of the reaction, since the values given in Table 14 represent 
initial velocities. In the experiments 2 and 3 the initial concentration 
of (-)-ureidoglycolate was the same. 
Thus, the mixed substrate method provided further evidence that the 
afore mentioned reactions were catalyzed by one and the same enzyme 
(see 5.2.2). 
5.3 ALLANTOIC ACID DEGRADATION BY FROG LIVER AND KIDNEY 
The enzyme allantoicase was demonstrated in frog liver by KREBS 
and WEIL (1935) and by BRUNEL (1937). More recently the enzyme was 
found in frog kidney by BRODSKY et al. (1965). GOLDSTEIN and FOR­
STER (1965) found a significant rate of urea production from urate by 
liver slices of the bullfrog (Rana catesbeiana) and therefore it is pos­
sible that allantoicase is present in the liver of this frog. 
The present investigation describes the occurrence of the enzyme 
in Rana esculenta and some of its properties. The specific activity of 
allantoicase from frog liver and kidney was determined under the fol­
lowing experimental conditions.A mixture containingper ml 20.6 μηιοΐεε 
sodium allantoate, 80 Rimóles triethanolamine-HCl buffer (pH 7.5) and 
cell-freeextractof frog liver (1.37 mg protein) or frog kidney (0.38 mg 
protein) was incubated for 60 min at 30°. The specific allantoicase ac-
tivities for frog liver and kidney were 0.13 and 0.03 unit per mg protein, 
respectively. Frog heart homogenate showed no allantoicase activity. 
Without addition of urease to the incubation mixtures no ammonia was 
formed from allantoate. This indicated that the allantoate degradation 
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by extracts of frog liver and kidney was brought about by allantoicase 
and not by allantoate amidohydrolase. 
60 120 180 
Incubat ion time ( m m ) 
Figure 26 
Production of (-)-ureidoglycolate from allantoate by allantoicase from frog liver 
(Rana esculenta ). The incubation mixture contained, per ml, 77 μιηοΐεβ sodium 
allantoate," 77 umoles triethanolamine-HCl buffer (pH 7.3) and 149 μg purified al­
lantoicase. Incubation time was 130 min at 30 . Optical rotation was measured in 
a Perkin-Elmer Polarimeter with a 10-cm tube and a sodium-vapor lamp at 589 ιημ 
as light source. 
Fig. 26 shows the production of ureidoglycolate from allantoate by 
purified allantoicase from frog liver. The purification procedure in­
volved (NH4)2S04 precipitation of cell-free extract at 0° and pH 7.6 
(saturation range 0-49%) and DEAE-cellulose chromatography (elution 
range0.1OM-O.15MNaClinO.O5M Tris-HCl buffer, pH 7.6, containing 
0.17 μηηοίε EDT A per ml). The observed change in optical rotation during 
allantoate breakdown indicated that frog liver allantoicase produced 
only (-)-ureidoglycolate from allantoate. 
The influence of glyoxylate on the activity of purified frog liver 
allantoicase was tested at glyoxylate concentrations varying from 3.6 
mM to 18.2 mM. No inhibition of allantoicase by glyoxylate was found. 
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This result contrasted with the inhibitory effect of glyoxylate on allan-
toicase from frog kidney, reported by BRODSKY et al. (1965). Some 
other properties of frog liver allantoicase were reported in the preced­
ing sections.namely thepHoptimum (7.6) and the K
m
 value (6.39х10~3м), 
as well as the heat-lability of frog liver and kidney allantoicase. 
The enzyme allantoicase is widely distributed in fishes (BRUNEL, 
1937; VELLAS, 1963,1965; GOLDSTEIN and FORSTER, 1965). However, 
we did not find allantoicase activity in liver and kidney of goldfish (Caros-
sms auratus). This result was surprising, since allantoinase as well as 
ureidoglycolase were present in goldfish liver. The absence of detectable 
amounts of allantoicase activity may have resulted from the labile nature 
ofthis enzyme in fishes. GOLDSTEIN and FORSTER (1965) found signif­
icant losses in allantoicase activity upon freezing and thawing of fish 
livers. 
5.4 DISCUSSION AND CONCLUSIONS 
The degradation of allantoate in Pseudomonas acidovorans involved 
the enzyme allantoate amidohydrolase. By means of gel filtration of 
crude cell-free extracts, the alian toate-degrading enzyme was separated 
from urease.Incubation of these purified fractions with allantoate result­
ed in the production of two moles of ammonia and one mole of urea per 
mole of allantoate degraded. Like the enzyme from Streptococcus allan-
toicus, the allantoate amidohydrolase from Pseudomonas acidovorans 
was activated by pretreatment at low pH values, a phenomenon which is 
characteristic of allantoate amidohydrolase. 
The allantoate degradation by Pseudomonas aeruginosa and some 
other microorganisms and by animal organs followed a distinctly dif­
ferent route. Here allantoate was hydrolyzed by the allantoicase-urei-
doglycolase system. The formation of ureidoglycolate as an intermediate 
was confirmed analytically by differential glyoxylate analysis and by 
paper electrophoresis. Measurement of the optical rotation during al­
lantoate breakdown by allantoicase indicated that only (-)-ureidogly-
colate was formed. The specific optical rotation of this compound was 
f I 3 0 irwO 
α = -10.4 . 
The allantoate degradation by Pseudomonas aeruginosa involved 
indeed the enzyme allantoicase and not allantoate amidohydrolase as 
was concluded from the fact that one mole of urea and one mole of 
ureidoglycolate were formed per mole of allantoate hydrolyzed. Allan-
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toicase from cell-free extract of Pseudomonas aeruginosa was purified 
15 times and separated from ureidoglycolase by this purification pro-
cedure (see also 6.1). However, the purified preparation of allantoicase 
was still active in degrading ureidoglycolate. Therefore, an extensive 
study was made to determine, whether allantoicase also exhibited an 
ureidoglycolase-like activity.lt could be shown that purified allantoicase 
formed (-)-ureidoglycolate from allantoate, but degraded ureidoglyco-
late, preferably the (+)-form of this compound,as well. This result could 
be expected in view of the stereochemical configuration of the ureido 
groups of the substrates involved in both reactions. Furthermore, a 
constant ratio of the activities against allantoate and ureidoglycolate 
was observed in the fractions obtained after each purification step, 
after Polyacrylamide - gel electrophoresis, after pretreatment at low 
pH values and after heat-pretreatment of the enzyme in the presence 
of Mn^+ up to 75°. Both enzymic activities were destroyed at 75 in 
the absence of Mn and were stabilized against heat-denaturation up 
to 75° in the presence of Mn2+. Only the instability of the activity 
against ureidoglycolate above 20° in the absence of Mn or EDTA 
seems to contrast with our suggestion that both catalytic activities were 
due to the same enzyme. Further evidence was obtained by applying 
the mixed substrate method. Purified allantoicase of Pénicillium nota-
tum was also shown to hydrolyze ureidoglycolate. 
The occurrence of the enzyme allantoicase was demonstrated in cell-
free extracts of Pseudomonas fluorescens, Pénicillium notatum , 
Pénicillium citreo-viride , frog liver and frog kidney. No allantoicase 
activity could be detected in liver, kidney and heart of goldfish. Like 
the enzyme from Pseudomonas aeruginosa, allantoicase from the two 
Pénicillium species and from frog liver also formed (-)-ureidoglycolate 
from allantoate. 
Some properties of allantoicases from different sources were deter-
mined.The pH optimum was about 7.2 for the enzymes from Pseudomonas 
aeruginosa. Pénicillium notatum and Pénicillium citreo-viride; frog 
liver allantoicase showed optimal activity at pH 7.6 and the enzyme from 
Pseudomonas fluoré s cens vi a.s optimally active at pH 6.0. The Km val-
ues varied from about 0.6x10" M to 2.9x10" M. The stability at various 
pH values was determined for the enzymes from Pseudomonas aerugino-
sa and Pseudomonas fluorescens. Both enzymes were stable at pH values 
between 7.4 and 5.5. Upon further lowering the pH, the enzyme of the 
latter organism was less stable than that of the former one. The activity 
of purified enzyme from Pseudomonas aeruginosa against allantoate 
and ureidoglycolate was enhanced by Mn2"1", Cd , Co , Pb2 + , Zn2 +and 
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Cu2+ · the other cations tested (Mg2+, Ca2 + and Ni2+) had little or no 
effect. Allantoicase from Pseudom mas aeruginosa was inhibited by 
phosphate buffer. This inhibition was only slight at pH 7.5 but it increased 
markedly on lowering the pH and increasing the molarity of the phos-
phate buffer. 
The influence of heat-pretreatment on the allantoicase activity was 
investigated with cell-free extracts of Pseudomonas aeruginosa, Pseudo-
monas fluorés cens , Pénicillium notatum, frog liver and frog kidney. 
The enzyme from Pénicillium notatumwàs stable at temperatures up to 
94- О 
75° in the presence of MnZ i ' and denaturated above 60 in its absence. 
The other enzymes were inactivated almost completely upon heating 
for 5 min at 60° both in the presence and absence of Mn . The afore 
mentioned heat-stability of allantoicase from Pseudomonas aeruginosa 
and Pénicillium nntatum allowed us to distinguish in crude cell-free 
extracts of these organisms between ureidoglycolate degradation cata-
lyzed by allantoicase and ureidoglycolase, since the former enzyme was 
stable at 75° in the presence of Μη , whereas ureidoglycolase was 
inactivated completely within 5 min at 75°. Allantoicase accounted for 
the resulting activity after heat-pretreatment at 75 in the presence 
of Mn . Not only Μη , but also allantoate or one of its hydrolysis 
products protected allantoicase from Pseudomonas aeruginosa against 
heat-denaturation. 
It was proved that during allantoate degradation by Pseudomonas 
aeruginosa an equilibrium was established with an equilibrium constant 
of 4.8 M"·1. The position of the equilibrium was displaced upon addition 
of urease, (-)-ureidoglycolase, urea, methylurea or thiourea to the 
incubation mixture. The reverse reaction, a synthesis of allantoate 
from urea and (+-)-ureidoglycolate in the presence of allantoicase, 
could also be demonstrated; only the (-)-form of ureidoglycolate was 
used up in this reaction. 
The allantoate hydrolysis by liver and kidney from frog {Rana esculen­
ta) was studied. Allantoicase of frog liver was more active than the 
enzyme of frog kidney. In 4.1 it was demonstrated that the allantoinase 
activity was also higher in frog liver than in frog kidney. No allantoicase 
activity was detected in goldfish liver and kidney (Carossms auratus). 
In spite of the fact that the enzyme allantoinase is widely distributed 
in higher plants (TRACEY, 1955; STEWARD and POLLARD, 1957) the 
presence of allantoicase in these organisms could not be demonstrated 
conclusively up till now. 
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CHAPTER 6 
CONVERSION OF UREIDOGLYCOLIC ACID 
TO GLYOXYLIC ACID: (+)- AND (-)-UREIDOGLYCOLASE 
In the preceding Chapter we discussed the production of ureido-
glycolate from allantoate by the catalytic action of allantoate amido-
hydrolase or allantoicase. At present two metabolic routes are known 
for the degradation of ureidoglycolate. The first one, catalyzed by the 
enzyme ureidoglycolase (ureidoglycolate amidinohydrolase), involves 
a cleavage of ureidoglycolate to urea and glyoxylate according to the 
following equation: 
H2N NH2 
OÍ COOH UREIDOGLYCOLASE \
 + C 0 0 H 
II I I 
HN CH OH NH2 HCO 
UREIDOGLYCOLIC ACID UREA GLYOXYLIC 
АСШ 
This enzyme was shown to be present in Streptococcus allantoicus 
and a Pseudomonas species by VALENTINE et al. (1962), in several 
microorganisms by VOGELS (1963) and in the yeasts Candida utilis 
and Saccharomycescerevisiaeby DOMNAS (1962) and LEE and ROUSH 
(1964). GAUDY et al. (1965) and GAUDY and WOLFE (1965) studied the 
properties of purified ureidoglycolase from Streptococcus allantoicus 
and CHOI and ROUSH (1965) reported the purification and properties of 
the enzyme from Candida utilis. The second enzymic conversion of 
ureidoglycolate involves a dehydrogenation to oxalurate by the action of 
ureidoglycolate dehydrogenase in the presence of NAD (see Chapter 7). 
In Pseudomonas acidovorans ureidoglycolate is formed from allan­
toate by allantoate amidohydrolase (5.1). In this Chapter (6.3.1) we 
shall demonstrate that in this organism ureidoglycolate is converted 
to glyoxylate and urea by a stereospecific (+)-ureidoglycolase. In Pseu­
domonas aeruginosa, Pseudomonas fluorescens, Pénicillium notatum. 
Pénicillium citreo-viride, frog liver and frog kidney (Rana esculenta), 
ureidoglycolate is produced from allantoate by allantoicase (5.2), and 
as far as determined the formation of the (-)-form of ureidoglycolate 
could be shown to occur.These organisms contain the enzyme (-)-ureido-
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glycolase. Special attention will be paid to (-)-ureidoglycolase from 
Pseudomonas aeruginosa. 
The specific activity of ureidoglycolase in crude cell-free extracts 
of Pseudomonas acidovorans and Pseudomonas fluorescens was 0.1 
unit per mg protein, when the organisms were grown in media without 
allantoinand the activity was enhanced to 1.0 and 0.7 unit per mg pro­
tein, respectively, when the organisms were grown in media containing 
allantoin as the only nitrogen source. The specific activity of ureido­
glycolase from frog liver and kidney was 0.04 and 0.36 unit per mg 
protein, respectively. Goldfish liver and kidney enzyme had a specific 
activity of 0.26 and 0.05 unit per mg protein, respectively. No ureido­
glycolase activity was found in heart of frog and goldfish. 
6.1 PURIFICATION OF (-)-UREIDOGLYCOLASE FROM CELL-FREE 
EXTRACTS OF Pseudomonas aeruginosa 
T a b l e 15 
Purification of (-)-ureidoglycolase from Pseudomonas aeruginosa 
Ureidoglycolase activity was determined as described for allantoicase (Table 9) 
but with 25 μιηοΙεΒ ureidoglycolate per ml instead of sodium allantoate. 
Fraction 
1 Crude extract * 
2 DEAE-cellulose 
3 Sephadex G-200 
Total 
protein 
(mg) 
ИЗО 
233 
14.4 
Total 
units 
2230** 
765** 
300 
Specific 
activity 
1.97** 
3.28** 
20.8 
Recovery 
units 
(%) 
100 
34 
13 
* Prepared from cells which were grown for 21 h in 19 1 yeast extract-allantoin 
medium (2.2). 
** (-)-Ureidoglycolase activity was calculated from the difference in enzymic ac­
tivity before and after heat-pretreatment of the material at 70° in the presence 
of 7 x l 0 - 3 M MnS04 (see 5.2.5). 
The overall purification procedure of Pseudomonas aeruginosa (-)-
ureidoglycolase involved DEAE-cellulose chromatography (step wise 
elution) and Sephadex G-200 gel filtration (Table 15) and resulted in 
a ten-fold enhancement of the specific activity and 13% recovery of the 
original activity. A similar procedure was followed as given for allan-
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Figure 27 
Gel filtration on SephadexG-200of the DEAE-cellulose fraction of (-)-ureidoglyco-
lase, obtained as described in Table 15, and determination of the activity of allan-
toicase (1) and (-)-ureidoglycolase (2). Enzymic activities were determined as 
described in Fig. 12. Fraction volume was 3.2 ml. 
toicase (5.2.1), except that the gradient elution chromatography was 
omitted. The step wise DEAE-cellulose chromatography was performed 
in the same manner, except that the washing with 0.1 M NaCl in buffer 
was replaced by washing with 0.05 M and 0.15 M NaCl in buffer, succes­
sively. The fraction eluted with the buffered 0.15 M NaCl was dialyzed 
against distilled water for 7 h at 4°, lyophilized and dissolved in 0.05 M 
Tris-HCl buffer (pH 7.5). Gel filtration of this solution was performed 
as for allantoicase. The elution pattern is shown in Fig. 27. Two peaks 
with enzymic activity against (+-)-ureidoglycolate were obtained. The 
first peak also contained allantoicase activity and appeared to be iden­
tical with the single peak obtained in the purification of allantoicase 
(Fig. 12). The enzymic activities against allantoate and ureidoglycolate 
in the fractions forming the first peak (Fig. 27) were distributed in a 
constant 6:1 ratio, and maximal activity for both substrates was ob­
tained at the same elution volume (see also Fig. 12). This enzyme was 
called allantoicase. In addition, there was another enzyme, represented 
by the second peak in Fig. 27, which degraded ureidoglycolate but was 
inactive against allantoate. This enzyme will be called (-)-ureidoglyco-
lase. The stereospecificity of ureidoglycolase against (+-)-ureidoglyco-
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late will be discussed later in 6.3. 
Gel filtration of crude cell-free extracts of Pénicillium notatum 
yielded a result similar to that found for Pseudomonas aeruginosa. 
Two peaks with enzymic activity against ureidoglycolate were obtained 
again. The first one exhibited also activity against allantoate and was 
formed by the enzyme allantoicase. The second peak contained the 
enzyme ureidoglycolase. 
6.2 PURIFICATION OF (+)-UREIDOGLYCOLASE FROM CELL-FREE 
EXTRACTS OF Pseudomonas acidovorans 
This enzyme was purified by DEAE-cellulose chromatography. Cell-
free extract of Pseudomonas acidovorans (containing 600 mg protein) 
was allowed to flow into a cooled DEAE-cellulose column, which was 
washed with a 0.05 M Tris-HCl buffer (pH 7.6) until no protein was 
found in the eluate. Thereafter, the elution was continued by washing 
the column with 0.05 M Tris-HCl buffer (pH 7.6) with continuously 
increasing concentration of NaCl. Fractions of 5 ml were collected. 
Ureidoglycolase emerged from the column when the concentration of 
NaCl in the eluate reached 0.11-0.16 M. These fractions contained no 
allantoate amidohydrolase activity. In this manner the specific activity 
was enhanced from about 0.5 to 1.5 units per mg protein and the recovery 
of original enzyme activity was 35%. 
6.3 OPTICAL SPECIFICITY OF UREIDOGLYCOLASE 
6.3.1 (+)-Ureidoglycolase from Pseudomonas acidovorans 
Upon incubation of (+-)-ureidoglycolate with purified ureidoglycolase 
from Pseudomonas acidovorans, the formation of glyoxylate as a func-
tion of the incubation time was determined (Fig. 28). At the end of the 
experiment only 43% of the originally present amount of ureidoglycolate 
was degraded. In other experiments too at most 0.5 μτηοΐί glyoxylate 
was formed per μιηοίε ureidoglycolate. It was assumed therefore, that 
only one of the optical isomers of ureidoglycolate was degraded by this 
ureidoglycolase. In Fig. 29 the change in optical rotation during ureido­
glycolate breakdown is shown as a function of the incubation time. It is 
apparent that ureidoglycolase specifically degraded (+)-ureidoglycolate. 
After an incubation of 120 min, when 43% of the substrate was degraded 
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Figure 28 
Glyoxylate formation from (+-)-ureidoglycolate as a function of incubation time. 
The incubation mixture contained, per ml, 1.47 μτηοΐββ (+-)-ureidoglycolate, 80 
μηηοΐεβ triethanolamine-HCl buffer (pH 7.4), 0.24 μιηοίε MnS04 and a DEAE-
cellulose fraction of (+)-ureidoglycolase from Pseudomonas acidovorans, con­
taining 0.14 mg protein. Incubation was at 30°. 
Figure 29 
Change in optical rotation during degradation of (+-)-ureidoglycolate. The incuba­
tion mixture contained, per ml, 140 u-tnoles ureidoglycolate, 70 μπιοΙβΒ triethanol-
amme-HCl buffer (pH 7.4), 0.21 μηιοΐθ MnS04 and a DEAE-cellulose fraction of 
(+)-ureidoglycolase from Pseudomonas acidovorans , containing 0.62 mg protein. 
Optical rotation was determined in a Perkm-Elmer Polarimeter with a 10-cm tube 
and a sodium-vapor lamp at 589 ιημ as light source. 
enzymically, a left-hand optical rotation of 0.075 degrees was observed. 
30 
for (-)-ureidoglycolate was cal-The specific optical rotation D 
culatedtobe -10+1 . The same value was found for (-)-ureidoglycolate 
formed from allantoate (5.2.3.6). In view of the stereospecificity of 
ureidoglycolase from Pseudomonas acidovorans for (+)-ureidoglycolate, 
it was reasonable to assume that only this optical i s o m e r of the com­
pound was produced from allantoate by the enzyme allantoate amido-
hydrolase. This assumption was supported by the observation (see Table 
7) that allantoate was converted quantitatively to glyoxylate; ureido­
glycolate did not accumulate during this degradation. F u r t h e r m o r e , 
(-)-ureidoglycolate strongly inhibited allantoate amidohydrolase and 
ureidoglycolase from Pseudomonas acidovorans (see 5.1.3) and t h e r e ­
fore it was unlikely that this compound would be involved in the degra­
dation of al lantoate. The enzyme of Pseudomonas acidovorans will be 
called (+)-ureidoglycolase. 
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6.3.2 (-)-Ureidoglycolase from Pseudomonas aeruginosa 
When testing the ureidoglycolase catalyzed reaction with crude cell-
free extracts of Pseudomonas aeruginosa we observed a complete break-
down of (+-)-ureidoglycolate without change in optical rotation, as dis-
tinct from the results obtained with cell-free extracts oí Pseudomonas 
acidovorans. When the purified ureidoglycolase preparation of Pseudo-
monas aeruginosav/as used instead, the breakdown of (+-)-ureidoglyco-
late was accompanied by a change in optical rotation (Fig. 30). The {-)-
form of ureidoglycolate was decomposed much faster than the (+)-form. 
The complete degradation of (+-)-ureidoglycolate by the crude cell-
free extract of Pseudomonas aeruginosa was a result of the ability of 
allantoicase to split this compound as well, and preferably the (+)-form 
(5.2.2). 
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Figure 30 
Degradation of ureidoglycolate by purified (-)-ureidoglycolase from Pseudomonas 
aeruginosa. The incubation mixture contained, per ml, 94 μπιοΐεβ (+-)-ureidoglyco-
late, 46 цтоіез triethanolamme-HCl buffer (pH 7.5), 0.77 μπιοΐβ MnS0 4 and 220 
μg purified (-)-ureidoglycolase, and was incubated at 30 . 
The stereospecificity of ureidoglycolase for (-)-ureidoglycolate was 
in accordance with the production of this optical isomer from allantoate 
byallantoicase (5.2.3.6). So far then two different ureidoglycolases could 
be distinguished: the (+)-ureidoglycolase from Pseudomonas acido­
vorans and the (-)-ureidoglycolase from Pseudomonas aeruginosa. 
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6.3.3 Optical specificity of ureidogly colase s from other sources 
Incubation of (+-)-ureidoglycolate with cell-free extracts of Pseudo-
monas fluorescens. Pénicillium notatum. Pénicillium citreo-viride and 
frog liver resulted in degradation of more than half of the substrate. 
Since all these extracts contained allantoicase, it was likely that the 
substrate was degraded by both allantoicase and ureidoglycolase, as in 
the case of Pseudomonas aeruginosa. 
This assumption was supported in experiments with frog liver extract. 
Pretreatment of this extract for 5 min at 55° in the presence of 2x10" M 
MnS04 resulted in a complete disappearance of the allantoicase activity 
(5.2.5). Incubationofthispretreatedenzymic material with (+-)-ureido-
glycolate resulted in a maximal degradation of 46% of the substrate. This 
experiment suggested the specificity of frog liver ureidoglycolase for 
one of the optical isomers of this substance, as well as the ability of 
allantoicase to degrade the other optical isomer. Since allantoicase 
from frog liver produced only (-)-ureidoglycolate from allantoate it 
was reasonable to suppose that the ureidoglycolase was specific for 
this optical antipode, like in Pseudomonas aeruginosa. This could not 
be ascertained by polarimetrie measurements because of the low spe-
cific activity of the enzyme ureidoglycolase, which resulted in very 
small changes in optical rotation upon incubation of (+-)-ureidoglycolate 
with the pretreated frog liver extract. The ureidoglycolase from frog 
kidney was probably also stereospecific since incubation with (+-)-urei-
doglycolate gave maximally 48% degradation of the substrate. 
The allantoate and ureidoglycolate breakdown in Pénicillium notatum 
was similar to that in Pseudomonas aeruginosa. In both organisms allan-
toicase produced only (-)-ureidoglycolate from allantoate (5.2.3.6);crude 
cell-free extracts split (+-)-ureidoglycolate almost completely and the 
ureidoglycolate-degrading activity in both organisms was separated in 
two fractions by gel filtration on Sephadex G-200. The first fraction 
contained the enzyme allantoicase which degraded both allantoate and 
(+-)-ureidoglycolate, and the second one exhibited activity against 
ureidoglycolate but not against allantoate. Allantoicase from Pénicil-
lium noíaíum converted (+)-ureidoglycolate and not (-)-ureidoglycolate 
as appeared from experiments performed with cell-free extracts pre-
treated for 5 min at 75° in the presence of Mn . Incubation of this 
material with allantoate showed that only (-)-ureidoglycolate was pro-
duced, which was not converted further to glyoxylate. Since the untreated 
extracts of Pénicillium notatum split (+-)-ureidoglycolate completely, 
another enzyme must be present in these extracts which degrades (-)-
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ureidoglycolate and is unstable at 75 (see 6.6). It was reasonable to 
assume that this enzyme was represented by the second Sephadex G-200 
fraction and could be considered to be a (-)-ureidoglycolase. 
The stereospecificity of the ureidoglycolases from Pseudomonas 
fluorescens and Pénicillium citreo-viride was not determined. Since 
most of the al lantoicases, however, could catalyze the formation of 
(-)-ureidoglycolate only from allantoate (5.2.3.6), it was supposed 
that this optical i somer of ureidoglycolate was converted by the action 
of ureidoglycolase. 
6.4 PROPERTIES OF UREIDOGLYCOLASE 
6.4.1 Reaction rate of ureidoglycolase as a function of the substrate 
concentration 
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Figures 31a and 31b 
Rate of (+)-ureidoglycolase reaction from Pseudomonas acidovorans as a function 
of ureidoglycolate concentration. The incubation mixtures contained, per ml, 80 
μπιοΐεβ triethanolamine-HCl buffer (pH 7.4), 0.18 цліоіе MnS04, 18 μηηοΐεβ phenyl-
hydrazine, cell-free extract of Pseudomonas acidovorans containing 1.34 mg pro­
tein, and ureidoglycolate as indicated. Incubation was at 30 for 30 min. 
The reaction ra te of (+)-ureidoglycolase from Pseudomonas acido­
vorans as a function of the substrate concentration i s shown in Figs . 
31a and 31b. According to the method of LINEWEAVER-BURK (1934) 
the reciprocal reaction velocity was plotted against rec iprocal molar 
concentration of (+-)-ureidoglycolate. F r o m these resul t s K
m
 was cal­
culated to be 9. 2 X 1 0 " 2 M . Inviewofthe stereospecificity of this enzyme, 
it was m o r e exact to consider (+)-ureidoglycolate as the substrate . Then, 
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the Km amounted to half this value, namely 4.6x10" M. 
The effect of ureidoglycolate concentration on the enzymic activity 
was also determined for the enzymes from Pseudomonas aeruginosa, 
Pseudomonas fluorescens , Pénicillium notatum, Pénicillium citreo-
viride, and liver and kidney of frog (Rana esculenta). For the purified 
(-)-ureidoglycolase preparation from Pseudomonas aeruginosa, the Km 
was found to be 1.0xl0"^M. This preparation was free of allantoicase, 
and thus the ureidoglycolate degradation was only due to (-)-ureido-
glycolase. The Km refers to (-)-ureidoglycolate as substrate. The 
Michaelis constants determined for the enzymes from Pseudomonas 
fluorescens, Pénicillium notatum. Pénicillium citreo-viride, frog liver 
and frog kidney were 0.44xlO-2M, 1.0xlO"2M, l.SxlO^M, 0 .9X10" 2 M 
and 0.40x10" M, respectively. These values all refer to (-)-ureidogly-
colate as substrate, even though the stereospecificity of the enzyme was 
not established in all cases (6.3). The determination of these Km values 
may have been affected in some cases by the presence of allantoicase 
in the extracts, resulting in additional splitting of ureidoglycolate. This 
interference was eliminated in the case of frog liver ureidoglycolase, 
since a purified preparation without allantoicase activity was used. 
GAUDY and WOLFE (1965) reported a Michaelis constant of 3.3x10"2M 
for purified ureidoglycolase from Streptococcus allantoicus with race-
mic ureidoglycolate as substrate. CHOI and ROUSH (1965) found a dis-
tinctly lower Km value (2.5xl0"4M) for the enzyme from Candida utilis. 
6.4.2 pH optimum 
The conversion of ureidoglycolate was studied as a function of the pH 
of the incubation mixture. The enzyme (-)-ureidoglycolase from Pseudo-
monas aeruginosa showed optimal activity in the pH range 7.0-8.0 (Fig. 
32). The same figure also presents the pH-activity curve of allantoicase 
tested with ureidoglycolate as substrate (5.2.3.2); activity was optimal 
atpH7.5. The values indicating enzymic conversion of ureidoglycolate 
were obtained after correction for non-enzymically formed glyoxylate. 
This spontaneous cleavage of ureidoglycolate proceeded at a constant 
rate at pH 6.0-8.0 and increased in both acidic and alkaline solutions 
(Fig. 32). 
The pH-activity curve of (-)-ureidoglycolase from frog liver is shown 
in Fig. 33. The ureidoglycolase preparation used was purified by 
(N1-14)2804 fractionation of cell-free extract of frog liver, resulting in 
removal of allantoicase. Optimal activity was observed around pH 8.3. 
Ureidoglycolase from frog kidney showed optimal activity at pH 7.9 and 
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Effect of pH on enzymic and non-enzymic conversion of ureidoglycolate. The in­
cubation mixtures contained, per ml, 25 μπιοΐββ (+-)-ureidoglycolate, 0.83 μπιοΐβ 
MnS0 4, 150 μπ-ιοΐββ buffer and 40 μg purified (-)-ureidoglycolase (1) or 19.1 ug 
purified allantoicase (2). Non-enzymic conversion (3) was measured in a similar 
mixture from which the enzyme was omitted. The following buffers were used: 
acetic acid-sodium acetate (pH 4.5-6.2), Tris-HCl (pH 7.0-8.6) and diethanolamine-
HC1 (pH 8.5-9.2). The mixtures were incubated at 30° for 15 min. 
the enzymes from Pseudomonas actdovorans, Pénicillium citreo ^viride 
and Pseudomonas fluorescens had optimal activity in the pH ranges 
7.5-8.4, 7.2-8.3 and 7.4-8.5, respectively. The pH-activity curve of 
(+)-ureidoglycolase from Pseudomonas actdovorans was determined 
with purified enzymic material,from which allantoate-degrading activity 
was absent. The curves obtained with Pénicillium citreo^viride and 
Pseudomonas fluorescens may have been affected by some degradation 
of ureidoglycolate by the enzyme allantoicase, since crude cell-free 
extracts were used in these experiments. This interference was negli-
gible for frog kidney because of its very low specific activity of allan-
toicase (5.3). 
Phosphate buffers were not used in the determination of the pH optima, 
since these buffers showed an inhibitory effect on ureidoglycolase 
activity (Fig.33, dashed line). Moreover, the spontaneous hydrolysis 
of ureidoglycolate was much larger in these buffers (6.4.4). GAUDY 
and WOLFE (1965) reported maximal activity for ureidoglycolase from 
Streptococcus allontoicusin the pH range of 8.4 to 8.8. CHOI, LEE and 
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ROUSH (1967) found optimal activity near pH 7.8 for ureidoglycolase 
from Candida utilis and near pH 7.3 for the enzyme from Saccharomyces 
cerevisiae. 
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Figure 33 
pH-activity curve of ureidoglycolase from frog liver. At 30° a mixture was in-
cubated containing, per ml, 27.3 μτηοΐεβ (+-)-ureidoglycolate, 164 μπιοΐεβ buffer 
and 0.45 mg purified ureidoglycolase. Na2HP04-KH2P04 buffers (x) were used 
in therangepHó^-y.ó .Tr is-HCl buffers (o) in the range pH 6.9-8.4 and diethanol-
amine-HCl buffers (·) in the range pH 8.6-8.9. Incubation time was 40 min. 
6.4.3 Stability as a function of pH 
In the preceding Chapter (5.1.2), the activation of allantoate amido-
hydrolase from Pseudomonas acidovorans by acid-pretreatment was 
reported. The specific activity of this enzyme was enhanced several 
times by a short pretreatment in acidic medium. It seemed worthwhile 
to investigate whether (+)-ureidoglycolase from the same organism 
showed a similar behavior during acid-pretreatment. Therefore, a 
portion of purified enzyme from Pseudomonas acidovorans (6.2) was 
treated for 30 sec at 23° at pH 1.8, and thereafter the pH was raised 
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to 7.3 by the addition of a buffered (+-)-ureidoglycolate solution. It 
appeared that the ureidoglycolat e-degrading activity was destroyed 
almost completely by this acid-pretreatment. This different behavior 
of both enzymes against acid-pretreatment provided a simple method 
of obtaining allantoate amidohydrolase preparations without activity 
against (+-)-ureidoglycolate. 
The pH-stability curve for (-)-ureidoglycolase from Pseudomonas 
aeruginosawas also determined. Portions of purified (-)-ureidoglyco-
lase from Pseudomonas aeruginosa were treated at 3(Я for 10 min at 
pH values between 3.8 and 7.0, and subsequently the enzymic activity 
was tested at pH 7.5. The enzyme was stable at pH values between 5.8 
and 7.0. Below pH 5.8 a sharp decrease of the activity occurred, re­
sulting in complete inactivation at pH 4.3. 
6.4.4 Influence of bivalent cations and other reagents on the enzymic 
and non-enzymic conversion of ureidoglycolic acid 
The influence of several bivalent cations on the enzymic activity of 
purified (-)-ureidoglycolase from Pseudomonas aeruginosa and purified 
(+)-ureidoglycolase from Pseudomonas acidovorans is given in Table 
16. Neither enzyme was activated by any of the cations, tested in a con­
centration of 2.5x10-4M. Several ions did not influence the reaction rate, 
but Cd^.Ni 2 1 " , P b 2 + , Ζ η 2 + andCu2"*" were inhibitory. The enzyme from 
Pseudomonas aeruginosa seemed to be more sensitive to inhibition by 
C d 2 + and Pb' ions than that of Pseudomonas acidovorans. It seemed 
worthwhile to compare these results with those for the allantoicase, 
which degraded both allantoate and (+)-ureidoglycolate (5.2.3.4, Table 
11). None of the cations tested, except Mg 2 +, were inhibitory to the 
purified allantoicase, while several cations (Mn , Cd + , Pb +, Co , 
Cu and Zn +) activated its catalytic action on ureidoglycolate. 
GAUDY and WOLFE (1965) tested the effect of several cations (10"3M) 
on purified ureidoglycolase from Streptococcus allantoicus.The reaction 
rate was increased only by Mn ; Мг had no effect on the enzymic 
activity, while Ca 2 + , F e 2 + , F e 3 + , Cu + and Z n 2 + inhibited to some 
extent. 
(+)-Ureidoglycolase activity from Pseudomonas acidovorans was not 
influenced by 7.7xlO-4M EDTA, GSH, ICI^COONa or PCMB. GAUDY 
and WOLFE (1965) reported 86% inhibition of ureidoglycolase from 
Streptococcus allantoicus by 10"4M PCMB. 
The rate of non-enzymic degradation of ureidoglycolate was strongly 
enhanced in the presence of several bivalent cations (Table 16). All 
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T a b l e 16 
Influence of bivalent cations on the enzynyc and non-enzymic conversion 
of ureidoglycolate 
Incubation mixtures contained, per ml, 20 μηιοΐββ ureidoglycolate, 67 μπιοίθβ t r i -
ethanolamine-HCl buffer (pH 7.5), cations to a final concentration of 2.5 χ ΙΟ" 4 M 
and 220 μg purified (+)-ureidoglycolase of Pseudomonas acidovorans (2) or 8.3 μg 
purified (-)-ureidoglycolaseof Pseudomonas aeruginosa (3). In Series (1) enzymes 
were omitted to determine the non-enzymic conversion of ureidoglycolate. The 
mixtures were incubated for 30 min at 30°. Without added cation 0.44 (1), 1.98 
(2) or 3.21 (3) μπιοΐεβ ureidoglycolate were degraded per ml. Rates of conversion 
were expressed in percentages of these values. Corrections were made for non-
enzymic conversion of ureidoglycolate in the enzymic tests . 
Cation 
( 2 . 5 x l O - 4 M ) 
None 
Mg2+ 
Ca2+ 
Cd2+ 
M n 2 + 
Ni2+ 
Co2+ 
P b 2 + 
H g 2 + 
Z n 2 * 
Cu2+ 
Rate of conversion (%) 
Non-enzymic 
(1) 
100 
105 
119 
135 
176 
207 
226 
246 
336 
390 
505 
(+)-Ureido-
glycolase 
(2) 
100 
98 
96 
98 
106 
85 
91 
89 
70 
30 
(-)-Ureido-
glycolase 
(3) 
100 
93 
93 
65 
105 
85 
96 
45 
60 
60 
cations were tested at a concentration of 2.5x10" M. The following 
sequence gives the cations in order of increasing catalytic activity: 
Mg2+ < Ca2+ < C d 2 + < Mn 2 + < N i 2 + < C o 2 + < P b 2 + < Hg 2 + < Z n 2 + 
< Cu , This arrangement resembles the 'Irving-Williams sequence' 
(Ca2+ < Mg 2 + < M n 2 + < F e 2 + < C o 2 + < N i 2 + < C u 2 + > Zn 2 + ) which 
is typical for non-enzymic catalysis of polaric reactions (BRINTZIN-
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GER, 1965). The non-enzymie conversion of ureidogWcolate was tested 
atdifferent concentrations (0-5xlO-3M) of Cd 2 + , Мп ? + , Co 2 + and Z n 2 + . 
The raté of degradation was directly proportional to the concentration 
of these cations. 
The non-enzymic breakdown of ureidoglycolate was also catalyzed 
by phosphate buffers. In phosphate buffer (0.1 M; pH 7.3) the decompo-
sition rate of ureidoglycolate at 30° was about four times that in 
triethanolamine-HCl buffer (0.1 M; pH 7.4). The catalytic influence of 
phosphate buffer on the non-enzymic conversion of ureidoglycolate was 
not due to the higher ionic strength of phosphate buffer. This was shown 
by comparison of the non-enzymic degradation of ureidoglycolate in 
phosphate buffer to that in a NaCl solution of the same ionic strength. 
The breakdown in phosphate buffer proceeded with a 3-fold velocity as 
compared to that in the NaCl solution. The rate of ureidoglycolate con-
version was directly proportional to the concentration of phosphate 
buffers (pH 7.5) in the range 0.03-0.17 M. 
In view of the considerable non-enzymic degradation, corrections 
were always made for the former in assays of the enzymic conversion 
of ureidoglycolate. 
6.5 EQUILIBRIUM OF THE UREIDOGLYCOLASE REACTION 
Degradation of ureidoglycolate, like that of allantoate, proceeded 
until equilibrium was reached. The equilibrium constant was deter-
mined in mixtures containing, per ml, 20 μηιοΐεβ ureidoglycolate, 70 
цтоіез triethanolamine-HCl buffer (pH 7.5), 10 μπιοΐββ ZnS04 and either 
100, 67 or 33 μιηοΐεβ of urea and sodium glyoxylate. The reaction mix­
tures contained Zn instead of ureidoglycolase because this ion also 
enhanced the rate of ureidoglycolate conversion (Table 16). After 60 
min at 30°, equilibrium was achieved: 77, 60 or 41 μιηοΐεβ glyoxylate 
were present per ml, respectively. In the first two experiments glyoxy­
late had reacted with urea to produce ureidoglycolate: 23 or 7 μιηοΙβΒ 
glyoxylate disappeared, respectively. In the final one, the amount of 
glyoxylate present in the incubation mixture was enhanced by 8 μιηοΐεβ 
as a result of the degradation of ureidoglycolate. 
From these results a value of 7.4 M"^ was calculated for the equi­
librium constant, 
[ureidoglycolate] 
[urea]. [glyoxylate] 
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Further calculations show that in the absence of urea and glyoxylate, 
under the afore mentioned conditions, ureidoglycolate conversion will 
proceed, until about 90% of this substance has been degraded. It is 
obvious, however, that in this case a small error i in the analytical mea­
surement will greatly affect the determination of the equilibrium con­
stant. For this reason we measured this constant in mixtures containing 
both glyoxylate and urea besides ureidoglycolate. The position of the 
equilibrium was not influenced by changing the pH of the incubation 
mixture from 7.5 to 5.1. GAUDY and WOLFE (1965) determined the 
equilibrium constant for the synthesis of ureidoglycolate at pH 8.8 and 
8.4, in the presence and absence of ureidoglycolase from Streptococcus 
allantoicus. The mean value of the equilibrium constant К = 7.5 M was 
in good agreement with our value. 
6.6 HEAT-STABILITY OF (-)-UREIDOGLYCOLASE 
It was pointed out previously (5.2.5) that the (-)-ureidoglycolase 
activity of crude cell-free extracts of Pseudomonas aeruginosa could 
be calculated from the difference in enzymic activity against (-t-J-ureido-
glycolate before and after heat-pretreatment of these extracts for 5 min 
at 70° in the presence of Mn . The purified (-)-ureidoglycolase was 
completely inactivated by this pretreatment,both in the presence and 
absence of Mn^ "*" (Table 17). Since the enzymic activity of allantoicase 
against (+-)-ureidoglycolate was stable at 70 in the presence of Mn 
(Table 12), the 30% loss of activity in a crude cell-free extract of 
Pseudomonas aeruginosa (Fig. 22) must represent the (-)-ureido-
glycolase activity. The (-)-ureidoglycolase activity of crude cell-free 
extracts of Pénicillium notatum was determined in a similar manner 
as given for Pseudomonas aeruginosa. The experiment represented in 
Fig. 25 shows that about 60% of the activity against (+-)-ureidoglycolate 
represented the (-)-ureidoglycolase activity present in crude cell-free 
extracts of Pénicillium notatum. 
The (-)-ureidoglycolases from Pseudomonas aeruginosa, Pseudo-
monas fluoré s cens ana Pénicillium notatum were rather stable to about 
40° in the presence and absence of Mn . Pretreatment for 5 min at 
55° in the presence of Mn resulted in 16%, 100% and 40% inactivation, 
respectively. The enzymes from Pseudomonas aeruginosa and Pseudo-
monas fluorescens were protected, to some extent, by Mn against 
heat-denaturation at temperatures up to 60° and 45°, respectively. 
In contrast to the ureidoglycolases of Pénicillium notatum and the 
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T a b l e 17 
Heat-stability of (-)-ureidoglycolase from Pseudomonas aeruginosa 
in the presence and absence of Mn2+ 
Mixtures containing, per ml, 43 μπιοΐεβ Tris-HCl buffer (pH 7.5) and 185 μg puri­
fied (-)-ureidoglycolase were heated for 5 min at the indicated temperatures in 
the presence or absence of 7.4x10" M MnS04. Aliquote of the pretreated enzyme 
solutions were incubated for 15 min at 30° in mixtures containing, per ml, 25 
μmolesureidoglycolate, 83цто1евігіеіЬапо1атіпе-НС1 buffer (pH 7.5), 0.83 μπιοΐβ 
MnS04 and 14.2 μg pretreated purified (-)-ureidoglycolase. 
Temperature 
during pretreatment 
30° 
50° 
55° 
60° 
65° 
70° 
75° 
Ureidoglycolate degraded 
(цтоіез/ті) 
+ Mn 2 + 
3.76 
3.35 
3.15 
2.10 
0.30 
0 
0 
- M n 2 + 
3.20 
2.95 
1.90 
0.90 
0.20 
0 
0 
Pseudomonas species, the enzymes of frog liver and kidney were much 
more stable on heating in the presence of Mn 2 + . No loss of activity was 
observed after heat-pretreatment of cell-free extracts of both organs 
for 5 min at temperatures up to 55° in the presence of 2x10" M MnS04. 
Heating for 5 min at 70° resulted in 17% and 5% inactivation of frog 
liver and kidney enzyme, respectively. In the absence of Mn the en­
zymes of both organs were stable to about 40° and were inactivated 
77% and 88%, respectively on treatment for 5 min at 70°. The allan­
to icases of the frog organs, on the contrary, were not protected by 
Mn "^1" against heat-denaturation and were inactivated more or less com­
pletely within 5 min at 55°. Like the ureidoglycolases from frog organs, 
the enzyme from goldfish liver was also stabilized by Mn + against heat-
denaturation. In the presence of 1.6x10" M MnS04 the enzyme was 
stable for 5 min at 70°, but in its absence the activity decreased at 
temperatures above 40°. 
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6.7 INHIBITION OF (+)-UREIDOGLYCOLASE BY ALLANTOIC ACID 
It was demonstrated (5.1.3) that (+-)-ureidoglycolate strongly inhibit­
ed allantoate amidohydrolase of Pseudomonas acidovorans. Further­
more, evidence was presented for the inhibition of (+)-ureidoglycolase 
by (-)-ureidoglycolate. In the experiment described in Table 18, the 
influence of allantoate on the ureidoglycolate degradation by purified 
(+)-ureidoglycolase from Pseudomonas acidovorans was tested. The 
(+)-ureidoglycolase, which did not contain allantoate amidohydrolase, 
was inhibited 18% by 66.5 mM sodium allantoate. CHOI and ROUSH 
(1965) reported an inhibition of ureidoglycolase from Candida utilis 
by potassium allantoate. 
T a b l e 18 
Inhibition of (+)-ureidoglycolase from Pseudomonas acidovorans 
by allantoate 
Incubation mixtures contained, per ml, 6.7 μπιοΐββ (+-)-ureidoglycolate, 87 μιηοΐεβ 
triethanolamìne-HCl buffer (pH 7.4), 20 μπιοΐββ Phenylhydrazine hydrochloride, 
0.31 mg purified (+)-ureidoglycolase from Pseudomonas acidovorans and sodium 
allantoate as indicated. The pH of the mixture was adjusted to 7.4. Incubation for 
30 min at 30°. In the absence of sodium allantoate, 1.51 μιηοΙβΒ ureidoglycolate 
were degraded per ml. The amounts of ureidoglycolate degraded in the presence 
of sodium allantoate were expressed in percentages of this value. 
Sodium allantoate 
(mM) 
0 
13.3 
39.9 
66.5 
Ureidoglycolate degraded 
Ш 
100 
94 
89 
82 
6.8 DISCUSSION AND CONCLUSIONS 
The enzyme ureidoglycolase is widely distributed among bacteria 
(Streptococcus allantoicus, Arthrobacter allantoicus, Escherichia coli, 
Escherichia coli var. acidilactici, Escherichia freundii, VOGELS, 1963; 
Pseudomonas acidovorans, Pseudomonas aeruginosa and Pseudomonas 
fluorescens, TRUBELS and VOGELS, 1966a, b, 1967), yeasts (Candida 
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utilis and Saccharomyces cerevisiae, DOMNAS, 1962), molds (Pénicil-
lium notatum and Pénicillium citreo-viride, TRUBELS and VOGELS, 
1966a) and has been found in animals (frog liver and kidney, and gold-
fish liver and kidney). The enzyme has not been demonstrated in plants 
so far but an extensive study seems worthwhile in view of the occurrence 
of allantoinase in many plant families (TRACEY, 1955). 
The enzyme ureidoglycolase was usually present in most of the micro-
organisms when these were grown on various nitrogen sources, but the 
specific activity increased several times in the presence of allantoin. 
DOMNAS(1962) found a 21-fold enhancement of the specific activity of 
the enzyme from Candida utilis when the yeast was grown on allantoin 
instead of ammonium sulfate as nitrogen source. CHOI and ROUSH (1965) 
found no increase in specific activity by allantoin and reported uric acid 
to be the best inducer for this enzyme (50-fold increase of the specific 
activity). GAUDY and WOLFE (1965), however, did not find ureido-
glycolase activity in glucose-grown cells of Streptococcus allantoicus. 
Our results indicate that the enzyme was present in Pseudomonas 
acidovorans, Pseudomonas fluorescens, Pseudomonas aeruginosa and 
in the Pénicillium species when the organisms were grown on various 
nitrogen sources. The specific activities in the two former organisms 
were enhanced 7- and 10-fold, respectively, when allantoin was present 
in the growth medium. The constitutive character of ureidoglycolase, 
allantoinase and allantoicase in several microorganisms is probably 
connected with the important function of these enzymes in endogenous 
purine catabolism. Comparison of the specific activity of the enzyme 
in frog and goldfish indicated that in frog the activity was higher in the 
kidney than in the liver, and in goldfish, on the contrary, the liver showed 
the highest activity. 
Three different types of enzymes were able to catalyze the degrada-
tion of ureidoglycolate to urea and glyoxylate. Allantoicases from several 
sources, which produced (-)-ureidoglycolate from allantoate, could 
degrade (+)-ureidoglycolate (5.2.2 and 5.4). Then there were the ureido-
glycolases which could be divided in (-)-ureidoglycolase (6.3.2 and 
6.3.3) and (+)-ureidoglycolase (6.3.1). The enzyme (-)-ureidoglycolase 
occurred more frequently in the organisms tested than (+)-ureidogly-
colase. This is intelligible, since allantoicase synthesized almost ex-
clusively (-)-ureidoglycolate from allantoate. Only in one.case was the 
(+)-form of ureidoglycolate found to be produced from allantoate, namely 
by the action of allantoate amidohydrolase from Pseudomonas acido-
vorans. This organism accordingly contained the enzyme (+)-ureido-
glycolase.Síre/>íococcits allantoicus, on the contrary, another organism 
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in which allantoate degradation involved the enzyme allantoate amido-
hydrolase, contained (-)-ureidoglycolase. The stereospecificity of the 
enzymes involved in the allantoate hydrolysis by Pseudomonas aerugi-
nosa and Pseudomonas acidovorans is represented in Scheme 3. 
In view of the difference in stereospecificity of the (+)-ureidogly-
colase from Pseudomonas acidovorans and the (-)-ureidoglycolase 
from Pseudomonas aeruginosa, other properties of these enzymes were 
also compared. The enzymes, which were purified several times, showed 
about the same pH optimum ranges (7.5-8.4 and 7.0-8.0, respectively), 
and the Km values (4.6xlO"^M and 1.0xl0"^M) were of the same order 
of magnitude. Furthermore, the enzymes were both inhibited by several 
bivalent cations (Cd2+, Ni2+, Pb2 + , Zn2 + and Cu2+);other cations (Mg2+, 
Ca2+, Mn2+ and Co2+) had little or no effect. Consequently, no striking 
differences between the two enzymes were observed, apart from their 
different stereospecificity. 
The (-)-ureidoglycolases showed pH optima lying: between 7.0 and 
8.5, and Km values in the range of 0.4xlO"2M to 1.8x10" M. The enzymes 
were stable upon heating for 5 min at 40° in the presence and absence 
of Mn . The enzymes from Pseudomonas aeruginosa, Pseudomonas 
fluorescens and Pénicillium notatum lost 16%, 100% and 40% of the 
activity after heat-pretreatment for 5 min at 55° in the presence of 
Mn . Theureidoglycolasesoffrog liver and kidney, and goldfish liver 
were completely stable under these conditions and were inactivated 
only slightly even upon heating for 5 min at 70°. The activity of the 
microbial enzymes, however, was destroyed completely by this treat-
ment. The results of our studies on the heat-stability of the enzymes, 
involved in allantoate degradation by some bacteria, molds and animal 
organs, indicate that the stability strongly depended on the source of the 
enzymic material. The allantoicases of Pseudomonas aeruginosa and 
Pénicillium notatum were stable up to 75° in the presence of Μη , 
whereas the enzymes of frog organs were already inactivated com­
pletely after 5 min at 55 . In the case of ureidoglycolase the situation 
was just the reverse. The ureidoglycolases of frog organs were much 
more stable in the presence of Mn than the enzymes of microorgan­
isms. 
Like the degradation of allantoate (5.2.4), the ureidoglycolase cata­
lyzed reaction proceeded also until equilibrium of the reaction was 
reached (6.5). The equilibrium constant was found to be 7.4 M"4 
which was in good agreement with the value of 7.5 M"* obtained by 
GAUDY and WOLFE (1965) for the ureidoglycolase reaction in Strep­
tococcus allantoicus. The reversibility of the allantoicase and ureido-
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glycolase catalyzed reactions might be important in those plants which 
accumulate large amounts of allantoate or t ransport nitrogen in this 
form. At the moment it is not known whether allantoate i s formed in 
these plants via purines or directly from glyoxylate and urea. 
CHOI, LEE and ROUSH (1967) measured ureidoglycolase activity by 
following the production of urea with the aid of u rease . In view of the 
reversibi l i ty of the ureidoglycolase reaction, it i s evident that the t rue 
specific activity of the enzyme could not be determined exactly in this 
manner because of the rapid disappearance of urea in the presence of 
u rease . CHOI and ROUSH (1965) reported a competitive inhibition of 
ureidoglycolase from Candida utilis by glyoxylate. Considering the 
reversibi l i ty of the ureidoglycolase reaction, this inhibition could also 
be explained in t e r m s of external addition of one of the products (glyoxy-
late) to a revers ib le system, which resulted in a decrease of the degra-
dation r a t e of ureidoglycolate. 
Several names were proposed for this enzyme: glyoxylurease (VA-
LENTINE and WOLFE, 1961b), ureidoglycolateureohydrolase (VOGELS, 
1963), ureidoglycolate synthetase (GAUDYet al., 1965), ureidoglycolase 
(ureidoglycolate amidinohydrolase) (TRUBELS and VOGELS, 1966a) and 
ureidoglycolatase (CHOI, LEE and ROUSH, 1967). We have chosen the 
systematic name ureidoglycolate amidinohydrolase in accordance with 
other enzymes classified in group 3.5.3, which split off u rea from linear 
amidines (allantoicase.creatininase, arginase).The trivial name ureido-
glycolase was chosen in conformity with other tr ivial names in which 
the ending-ate or - ic acid of the substrate was displaced by the ending 
-ase(ß-ureidopropionase,3.5.1.6;ureidosuccinase,3.5.1.7; barbi turase, 
3.5.2.1 and dihydro-oratase, 3.5.2.3). Ureidoglycolate synthetase, p ro -
posed by GAUDY et al. (1965), was not acceptable, because the t e rm 
'synthetase ' should not be used for enzymes which do not involve nucleo-
side tr iphosphates. GAUDY et al. (1965) and CHOI, LEE and ROUSH 
(1967) stated that there was no evidence that the reaction catalyzed by 
this enzyme was hydrolytic and therefore, they suggested other names 
for it. It is reasonable, however, to assume that the reaction is a hydro-
lytic one, as the equation of this reaction could be formulated in the fol-
lowing way: 
H2N H2N 
I + H2O I 
OC COOH , Τ Ρ Ρ Τ Γ ^ Τ wvM AQO OC +ÇOOH 
ι 1 UREIDOGLYCOLASE 1 
H N — C H OH H2N CH(0H)2 
UREIDOGLYCOLIC GLYOXYLIC ACID 
АСЮ HYDRATE 
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According to this equation ureidoglycolic acid was converted to urea 
and the hydrate of glyoxylic acid which is the common form of this acid 
in aqueous solution. Our assumption about the hydrolytic character of 
the reaction was supported by the finding that the enzyme allantoicase, 
which catalyzes the hydrolytic cleavage of allantoic acid, also split 
ureidoglycolic acid. 
The non-enzymic hydrolysis of ureidoglycolate was enhanced by 
several bivalent cations. The sequence of the cations in the order of 
increasing catalytic activity (Mg^+ < Ca^"·" < Cd + < Mn2+ < Ni 
^ Co2+ < Pb 2 + < Hg2"1" < Zn2 + < Cu2+) resembled the 'Irving-
Williams sequence1 (6.4.4). It is noteworthy, however .that noneof these 
cations enhanced the catalytic action of the enzymes (+)- and (-)-ureido-
glycolase. On the contrary, most of the cations (Cd , Co2+, Ni , Pb2 + , 
Zn2+ and Cu2+) were inhibitory to a greater or lesser extent. The non-
enzymic hydrolysis of ureidoglycolate was also catalyzed by phosphate 
buffers (6.4.4) and was directly proportional to the concentration of 
these buffers. 
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CHAPTER 7 
CONVERSION OF UREIDOGLYCOLIC ACID 
BY UREIDOGLYCOLATE DEHYDROGENASE 
Besides the hydrolytic cleavage of ureidoglycolate to glyoxylate and 
urea, another pathway is known along which this substance can be meta­
bolized (Scheme 4). This pathway involves a dehydrogenation of ureido­
glycolate to oxalurate by the enzyme ureidoglycolate dehydrogenase 
(ureidoglycolate: NAD oxidoreductase). The presence of this enzyme in 
Streptococcus allantoicus was postulated by VALENTINE and WOLFE 
(1961a) and VALENTINE et al.(l962) who demonstrated oxalurate as an 
intermediate in allantoin degradation by this organism. VOGELS (1963) 
demonstrated the enzyme in some microorganisms, which grow only 
under anaerobic conditions on allantoin containing media. He measured 
the oxygen uptake during the conversion of ureidoglycolate to oxalurate 
and identified the lat ter compound by paperchromatography. 
oc 
N H 2 
COOH CO 
I I 
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Scheme 4 
Pathways in conversion of ureidoglycohc acid by Streptococcus allantoicus and 
Arthrobacter allantoicus. 
I l l 
We studied the mechanism of the ureidoglycolate dehydrogenase cata­
lyzed reaction in cell-free extracts of Streptococcus allantoicus and 
Arthrobacter allantoicus. The presence of the enzyme in these organ­
isms had been demonstrated by VOGELS (1963) who showed evidence 
that ureidoglycolate dehydrogenase was not identical with lactate dehy­
drogenase, another α-hydroxy acid dehydrogenating enzyme, present in 
both organisms. In our investigation the ureidoglycolate dehydrogenase 
assay was based on the direct (Arthrobacter allantoicus) or indirect 
(Streptococcus allantoicus) determination of NADH2 formed from NAD. 
Interference in this assay could be expected from the presence in ex­
tracts of these organisms of NADH2 dehydrogenating enzymes, namely 
NADH2 oxidase and tartronaldehydate reductase. The latter enzyme 
converted tartronaldehydate, a product of glyoxylate metabolism, to 
glycerate. Two moles of glyoxylate were converted to one mole each of 
carbon dioxide and tartronaldehydate by the enzyme carboligase. The 
tartronaldehydate was reduced to glycerate by NADH2 in the presence 
of the enzyme tartronaldehydate reductase (VOGELS, 1963). 
In extracts of Arthrobacter allantoicus the reaction of NADFL· with 
oxygen under the catalytic influence of NADH2 oxidase interfered only to 
a negligible extent, because of the very low activity of the latter enzyme 
in cell-free extracts of this organism. This was confirmed by measuring 
NADH2 formation from NAD when the ureidoglycolate dehydrogenase 
reaction was performed under anaerobic conditions in Thunberg tubes 
equiped with a cuvette. At the end of the experiment about the same 
amount of NADH2 was found as under aerobic conditions. In experiments 
with Arthrobacter allantoicus ureidoglycolate dehydrogenation was 
determined, therefore, in open cuvettes by measuring NADH2 formed 
from NAD in the presence of ureidoglycolate. 
In extracts of Streptococcus allantoicus the activity of NADH2 oxidase 
was about 20 times higher than that of ureidoglycolate dehydrogenase, 
the enzyme which produced NADH2 from NAD in the presence of ureido­
glycolate. This allowed the conversion of ureidoglycolate to oxalurate 
in extracts of this organism to be determined by measuring the oxygen 
uptake due to the oxidation of NADH2. The oxygen uptake was measured 
polarographically with a Clark oxygen electrode. Uptake of one atom of 
oxygen corresponded with dehydrogenation of one mole of ureidoglyco­
late (7.2). 
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7.1 THE UREIDOGLYCOLATE 
Arthrobacter allantoicus 
DEHYDROGENASE REACTION IN 
„ . 40 60 ao loo 
F i g u r e 04 Incubation time ( mm I 
Ureidoglycolate dehydrogenase reaction from Arthrobacter аііапіоісич. The fol­
lowing mixtures were incubated at 23° m open cuvettes. 
Curve 1 a mixture containing, per ml, 0.31 μιτιοΐβ ureidoglycolate, 0.31 μπιοίε 
MnS0 4, 1.37 μιτιοΐεβ NAD, 181 μπιοΙεΒ Tns-HCl buffer (pH 8.3) and cell-free ex­
tract of Arthrobacter allantoicus (0.11 mg protein). 
Curve 2 the same mixture but with 0.156 μιηοίε sodium allantoate and 91 μιηοίβε 
triethanolamine-HCl buffer (pH 8.3) instead of ureidoglycolate and Tns-HCl buffer. 
Curve 3 the same mixture as for curve 2, but with NAD added after 20 mm incuba­
tion. 
Curve 4 a mixture containing, per ml, 0.31 μιηοίε sodium glyoxylate, 0.31 μπιοίε 
MnS04, 0.147 μπιοίε NADH2, 91 μπιοΐεβ tri8thanolamin8-HCl buff8r (pH 8.3) and 
cell-free extract of Arthrobacter allantoicus (0.11 mg protein). 
Curve 5 the same mixture as for curve 4, but sodium glyoxylate was omitt8d and 
th8 buffer was replaced by 181 μτηοΙεΒ Tns-HCl buffer (pH 8.3). 
Curve 6 the same mixture as for curve 4 but sodium glyoxylate was replaced by 
0.31 μιτιοΐβ ureidoglycolate. 
Curve 7 the same mixture as for curve 1 but the buffer was replaced by 91 μιηοΐεβ 
tnethanoldmine-HCl buffer (pH 8.3) and 0.31 μπιοίε sodium glyoxylate was added 
to themixtur8. An increase of the absorbance at 340 ιτιμ of 1.0 unit was equivalent 
to the production of 0.161 μπιοίε NADH2 per ml. 
Fig. 34 shows the production of NADH2 from NAD in the presence of 
ureidoglycolate by cell-free extracts of Arthrobacter allantoicus as a 
function ofthe incubation time. From the result of this experiment it was 
calculated that 30.6 ^moles NADH2 were produced per 100 nmoles 
ureidoglycolate originally present (curve 1). The production of NADH2 
from NAD in the presence of allantoate is also given in this figure (curve 
2). During incubation 62 μπηοΐεβ NADH2 were produced per 100 rimóles 
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allantoate originally present . It was obvious that the amount of allantoate 
dehydrogenated was about twice that of (+-)-ureidoglycolate. This prob­
ably resulted from the specificity of ureidoglycolate dehydrogenase 
for one of the optical i s o m e r s of ureidoglycolate and the production of 
this i s o m e r alone from allantoate. In the experiment with allantoate as 
substrate the reaction velocity increased during the first minutes of 
incubation. This phenomenon demonstrated the formation of ureido­
glycolate as an intermediate in allantoate dehydrogenation. On preincu­
bation of allantoate for 20 min with cell-free extracts of Arthvobacter 
allantoicus, ureidoglycolate accumulated and the initial velocity observ­
ed after addition of NAD to the incubation mixture (curve 3) was nearly 
the same as in the experiment with ureidoglycolate a s substrate . Like 
in the experiment without preincubation pr ior to the addition of NAD, in 
this case also 62 μπηοΙβεΝΑΟΙ-^ were formed per 100 μιηοΐεβ allantoate 
originally present . 
The incomplete dehydrogenation of allantoate and ureidoglycolate 
probably resulted from the hydrolytic cleavage of ureidoglycolate and 
the further degradation of glyoxylate (Scheme 4). The part of allantoate 
o r ureidoglycolate which was degraded to glyoxylate could not be dehy­
drogenated to oxalurate; furthermore, the tartronaldehydate produced 
from glyoxylate, utilized NADH2 for its reduction to glycerate. This 
reaction was demonstrated in curve 4 (Fig. 34). NADH2 was rapidly 
dehydrogenated by glyoxylate in the presence of cel l-free extract of 
Arthvobacter allantoicus. The effect of this reaction on the ureido­
glycolate dehydrogenase assay was demonstrated in the following ex­
per iment . The dehydrogenation of ureidoglycolate was determined in 
the presence of glyoxylate (curve 7 in Fig. 34). The maximal amount of 
NADH2 measured was about half the amount found in the absence of 
added glyoxylate (curve 1 in Fig. 34). Thus, NADH2 formed during the 
dehydrogenation of ureidoglycolate was utilized part ly in the further 
degradation of glyoxylate. In the absence of glyoxylate, NADH2 was 
dehydrogenated only slowly as a result of the small activity of NADH2 
oxidase of the extract (curve 5 in Fig. 34). After 80 min at 23° only 
10% of NADH2 had disappeared. The same figure also presents the 
result of the experiment, in which NADH2 dehydrogenation was tested 
in the presence of ureidoglycolate (curve 6 in Fig. 34). The velocity 
of NADH2 dehydrogenation was much lower than that obtained in the 
presence of glyoxylate. This indicated that the cleavage of ureidoglyco­
late to glyoxylate and urea under the catalytic influence of ureidogly-
colase occurred at low reaction r a t e . Consequently, a substantial par t 
of ureidoglycolate must have been dehydrogenated to oxalurate (curve 
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1 in Fig. 34). This also appeared from the experiment in which allan-
toate was preincubated with cell-free extracts of Arthrobacter allan-
toicus prior to addition of NAD: the same amount of NADHn was pro-
duced whether NAD was added at the start of the experiment or after 
20 min. Similar results were obtained after preincubation of ureido-
glycolate with cell-free extracts of Arthrobacter allantoicus for 0-30 
min. Again, in all experiments about the same amount of NADH2 was 
measured. These experiments indicate that cell-free extracts of Arthro-
bacter allantoicus possessed only small ureidoglycolase activities 
under the experimental conditions. Accordingly, VOGELS (1963) found 
almost no ureidoglycolase activity at pH 8.3, the pH at which all experi-
ments were performed. 
It was concluded that glyoxylate was formed slowly from ureido-
glycolate but that NADH2 was rapidly dehydrogenated by the products 
formed from glyoxylate (see curve 4 in Fig. 34). Thus, the amount of 
NADHQ formed from NAD in the presence of ureidoglycolate (curve 
1 in Fig. 34) increased until the rate of formation of NADH2 by ureido-
glycolate dehydrogenase was equal to the rate of NADH2 dehydrogena-
tion by tartronaldehydate reductase and NADH2 oxidase. The rate of 
formation of NADH2 diminished with increasing incubation time because 
the concentration of ureidoglycolate decreased continuously. The rate 
of NADH2 dehydrogenation by tartronaldehydate increased during the 
incubation as a result of the increasing amounts of both NADH2 and 
glyoxylate which were present. From the experiment described in Fig. 
34 (curve 1) it was apparent that the NADH2 level changed no longer 
after about 45 min of incubation. At this point the dehydrogenation of 
one mole ureidoglycolate, a reaction yielding one mole NADH2 from 
NAD, was coupled with the conversion of two moles ureidoglycolate 
to one mole glycerate, a reaction which consumed one mole NADH2. 
The rate of the ureidoglycolate dehydrogenase reaction from Arí/гго-
bacter allantoicus was determined as a function of ureidoglycolate con­
centration at a fixed NAD concentration and vice versa (Fig. 35). Maxi­
mal velocity was obtained at about 12.5 mM ureidoglycolate or NAD. 
The experiment described in Fig. 35 shows that ureidoglycolate dehy­
drogenase from Arthrobacter allantoicus was inhibited at ureidoglyco­
late concentrations exceeding 15 mM. On enhancement of the NAD con­
centration, at a fixed ureidoglycolate concentration, an increasing frac­
tion of ureidoglycolate was dehydrogenated to oxalurate. At a NAD con­
centration of 0.27 mM about 10 μιτιοΐεβ NADH2 were produced per 100 
μηιοΐεε (+-)-ureidoglycolate originally present, whereas at 6.9 mM NAD 
about 35 цтоіез NADH2 were formed per 100 дтоіез (+-)-ureidogly-
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colate. The rate of the ureidoglycolate dehydrogenase reaction from 
Arthrobacter allantoicusv/as linearly proportional to the enzyme con­
centration over the entire range tested (30 to 320 μg protein per ml). 
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Figure 35 
Rate of the ureidoglycolate dehydrogenase reaction from Arthrobacter allantoicus 
as a function of substrate concentrations. The influence of the NAD concentration 
on the reaction velocity (curve 1) was determined in mixtures containing, per ml, 
0.31 μτηοΐβ ureidoglycolate, 0.31 μπιοίε MnSC^, 91 цтоіев tnethanolamine-HCl 
buffer (pH 8.3), cell-free extracts of Arthrobacter allantoicus (0.11 mg protein) 
and NAD as indicated. Reaction velocities were expressed as the increase per mm 
in absorbance at 340 ιημ. The influence of the ureidoglycolate concentration on the 
reaction velocity (curve 2) was determined in mixtures containing, per ml, 1.37 
μιηοΐεβ NAD, 0.31 μιηοίε MnS04, 94 μτηοΐεβ tnethanolamine-HCl buffer (pH 8.3), 
cell-free extracts of Arthrobacter allantoicus(0.05 mg protein) and ureidoglycolate 
as indicated. The mixtures were incubated at 23° m open cuvettes. 
The reaction rate of the ureidoglycolate dehydrogenation and the 
amount of NADH2 formed from NAD were almost not influenced by ad­
dition of oxalurate (3.1 mM) to a mixture containing ureidoglycolate 
(0.31 mM), NAD (1.37 mM) and cell-free extracts of Arthrobacter al­
lantoicus .This experiment indicated that the ureidoglycolate dehydro­
genase reaction did not occur at a detectable rate m the reverse direc­
tion. This suggestion was supported by the observation that incubation 
of oxalurate (3.1 mM) with NADHl·) (0.15 mM) in the presence of cell-
free extracts showed the same rate of NADH2 dehydrogenation as com­
pared to that measured in the absence of oxalurate (curve 5 in Fig. 34). 
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7.2 THE UREIDOGLYCOLATE DEHYDROGENASE REACTION IN 
Streptococcus allantoicus 
l ' I ι 1 1 ι 1 
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Figure 36 
Ureidoglycolate dehydrogenase reaction from Streptococcus allantoicus. The fol­
lowing mixtures were incubated at 23°. 
Curve 1: a mixture containing, per ml, 0.5 μπιοΐβ sodium allantoate, 1.1 μπιοΐεβ 
NAD, 93 μιτιο1β8ΐΓίβιΗ3ηοΐ3Γηίηε-Η01 buffer (pH 8.3) and cell-free extract of Strep­
tococcus allantoicus (1.18 mg protein). 
Curve 2: the same mixture but with 1.88 μιτιοΐεδ (+-)-ureidoglycolate instead of 
sodium allantoate. 
Curve 3: the same mixture as for curve 2 but NAD was added after 10 min pre­
incubation. Timeof NAD addition was indicated as zero-point in the figure. Oxygen 
consumption was measured polarographically with the Clark oxygen electrode. 
The ureidoglycolate dehydrogenase reaction in Streptococcus allan­
toicus was studied by measuring oxygen uptake resulting from the en-
zymic oxidation of NADH2 formed from NAD by the dehydrogenation of 
ureidoglycolate. It was proved that the dehydrogenation of one mole of 
NADH2 by cell-free extracts of this organism was coupled with the up­
take of one atom oxygen. The amount of allantoate or ureidoglycolate 
dehydrogenated could thus be calculated from the oxygen uptake, since 
one atom of oxygen was consumed per mole of substrate dehydrogenated. 
Fig. 36 shows the oxygen uptake by crude cell-free extracts of Strepto­
coccus allantoicus with allantoate as substrate. It was calculated that 
about 62% of the originally present allantoate was dehydrogenated (curve 
1). With (+-)-ureidoglycolate as substrate, the amount of oxygen, ab­
sorbed at the end of the experiment, indicated that 23.6% of the substrate 
was dehydrogenated (curve 2). Like in the experiments with Arthro-
bacter allantoicus , the amount of allantoate dehydrogenated was about 
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twice that of ureidoglycolate. This phenomenon was assumed to be due 
tothestereospecificity of the enzymes which produced ureidoglycolate 
from allantoate and dehydrogenated ureidoglycolate. The results of the 
experiments, shown in Fig. 36, indicate that oxygen uptake with allan-
toate as substrate started later than with ureidoglycolate. This con-
firmed that ureidoglycolate is an intermediate in allantoate degradation 
by Streptococcus allantoicus. Preincubation of ureidoglycolate with 
cell-free extracts of Streptococcus allantoicus for 10 min before ad-
dition of NAD reduced oxygen uptake to less than half the amount ob-
tained without preincubation (curve 3 in Fig. 36). This experiment in-
dicated that a substantial part of ureidoglycolate was converted to 
glyoxylate and urea in the absence of NAD. This result contrasted with 
similar experiments with cell-free extracts of Arthrobacter allantoicus. 
In the latter case preincubation did not affect the amount of ureidogly-
colate which was dehydrogenated. This difference in behavior during 
preincubation could be due to the much higher specific activity of ureido-
glycolasefrom Streptococcus allantoicus at the pH of the assay mixture 
(VOGELS, 1963). In the latter organism the major part of ureidoglycolate 
was converted to glyoxylate and urea during the preincubation period. 
Prolonged preincubation (up to 20 min) prior to the addition of NAD 
resulted in a nearly complete disappearance of the oxygen uptake. 
It could be shown that the measurement of the ureidoglycolate dehydro-
genase reaction used here was not invalidated by dehydrogenation of 
NADH2 by tartronaldehydate formed from glyoxylate. The amount of 
oxygen taken up in the ureidoglycolate dehydrogenation was measured 
in the presence and absence of equimolar amounts of glyoxylate with 
respect to ureidoglycolate. Neither the initial velocity nor the maximal 
oxygen uptake were influenced by addition of glyoxylate. This indicates 
that NADH2 formed from NAD in the presence of ureidoglycolate reacted 
nearly quantitatively with oxygen. Apparently the NADbL oxidase reac-
tion proceeded much more rapidly than the tartronaldehydate reductase 
reaction. 
The rate of ureidoglycolate dehydrogenation as well as the maximal 
amount of NADH2 formed werenot influenced by the addition of oxalurate 
to the complete reaction mixture as was also found for Arthrobacter 
allantoicus (7.1). Thus, the incomplete dehydrogenation of ureidogly-
colate in both organisms was not a result of the establishment of an 
equilibrium during the reaction. In experiments with Streptococcus 
allantoicus the rate of oxygen uptake was measured at varying ureido-
glycolate concentrations in the presence of a fixed NAD concentration. 
The result of these experiments is presented in Fig. 37. The rate of 
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oxygen uptake still increased at ureidoglycolate concentrations above 
15 mM; the ureidoglycolate dehydrogenase of Arthrobacter allantoicus, 
on the contrary, was inhibited under similar conditions. 
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Figure 37 
Rate of oxygen uptake by cell-free extracts of Streptococcus allantoicus as a func­
tion of ureidoglycolate concentration in the presence of NAD. The incubation mix­
tures contained, per ml, Ι.ΙμιηοΙεβΝΑΟ, 93 μιηοΐεδ triethanolamine-HCl buffer (pH 
8.3), cell-free extracts of Streptococcus allantoicus (1.18 mg protein) and ureido­
glycolate as indicated. The mixtures were incubated at 23°. Oxygen consumption 
was measured polarographically with the Clark oxygen electrode. 
7.3 DISCUSSION AND CONCLUSIONS 
Dehydrogenation of ureidoglycolate to oxalurate in the presence of 
NAD was demonstrated in Streptococcus allantoicus and Arthrobacter 
allantoicus. In the case of Streptococcus allantoicus the oxygen uptake 
resulting from the oxidation of NADH2 by a very active NADH2 oxidase, 
present in the extract of this organism, was measured, while in Ar­
throbacter allantoicus the amount of NADH2 formed from NAD was 
determined. 
Both organisms converted (+-)-ureidoglycolate as well as allantoate 
only partly to oxalurate. The amount of allantoate which was dehydro-
genated was about twice that of (+-^ureidoglycolate, indicating that 
probably only one of the optical isomers of ureidoglycolate, the one 
which was formed from allantoate, was converted to oxalurate. Both 
/ 
/ 
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organisms also contained the enzyme ureidoglycolase which was re-
sponsible for the degradation of ureidoglycolate to glyoxylate and urea. 
In view of the observed stereospecificity of ureidoglycolase from 
Streptococcus allantoicus for (-)-ureidoglycolate (6.8) it follows that 
only this optical isomer of ureidoglycolate was produced from allan-
toate and that ureidoglycolate dehydrogenase from this organism was 
stereospecific for this isomer. 
Preincubation of allantoate or ureidoglycolate with cell-free extracts 
of Arthrobacter allantoicus, followed by addition of NAD to the incuba-
tion mixture, did not influence the maximal amount of NADHo formed 
from NAD by the dehydrogenation reaction. In experiments with Strepto-
coccus allantoicus , however, such a preincubation caused a marked 
decrease of the maximal oxygen consumption. This discrepancy resulted 
from the much higher activity of ureidoglycolase in the latter organism 
under the experimental conditions. The amount of NADH2 formed during 
dehydrogenation of ureidoglycolate in experiments v/ithArthrobacter al-
lantoicus was considerably lower than expected on the basis of complete 
dehydrogenation to oxalurate. This result was apparently due to rapid de-
hydrogenation of NADH2 by tartronaldehydate formed from glyoxylate. 
The ureidoglycolate dehydrogenase reaction in the two organisms was 
not influenced by addition of oxalurate to the incubation mixture, indi-
cating that the reverse reaction did not occur at a detectable rate under 
the experimental conditions. The ureidoglycolate dehydrogenase reac-
tion in Arthrobacter allantoicus was studied as a function of the sub-
strates concentrations. Maximal velocity was observed at 12.5 mM 
ureidoglycolate or NAD. In the case of Streptococcus allantoicus the 
oxygen uptake in the presence of NAD was tested as a function of the 
ureidoglycolate concentration. Even at 19 mM ureidoglycolate, maximal 
velocity was not quite reached. 
In cell-free extracts of Pseudomonas aeruginosa and Pseudomonas 
fluorescens we could not demonstrate the presence of oxaluricase, 
catalyzing the conversion of oxalurate to oxalate and urea, and of oxa-
mate transcarbamoylase, catalyzing the phosphorolytic degradation of 
oxalurate to oxamate and carbamoyl phosphate. Therefore, it was im-
probable that oxalurate was an intermediate in the allantoate degradation 
by these organisms. Furthermore, no oxamate was detected among the 
endproducts of allantoin degradation by the afore mentioned Pseudo-
monas species, and by Pénicillium citreo-viride and Pénicillium nota-
tum (VOGELS, 1963). These organisms probably converted ureidogly-
colate only to glyoxylate and urea. Streptococcus allantoicus and Arthro-
bacter allantoicus, however, converted about 50% of allantoin to oxamate. 
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GENERAL DISCUSSION 
A study was made of the enzymes allantoinase, allantoate amido-
hydrolase, allantoicase, ureidoglycolase and ureidoglycolate dehydro­
genase from different sources. These enzymes and their properties 
were discussed at the end of the pertinent Chapters. We shall here 
discuss the general metabolism of allantoin in animals, plants and 
microorganisms. In the Introduction our knowledge of the occurrence 
and metabolism of allantoin was reviewed. The results of the present 
study can be summarized in a single diagram of the metabolism of 
allantoin (Scheme 5). 
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Scheme 5 
Pathways in the metabolism of allantoin. 
Animals 
The breakdown of purines in animals yields various endproducts. 
Many frogs and fishes degrade purines to urea. Therefore, the meta-
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bolism of allantoin in frog (Rana esculenta) and goldfish (Carassius 
auratus)was studied. In frog liver and kidney extracts the presence of 
allantoinase, allantoicase and ureidoglycolase was demonstrated. Frog 
liver allantoinase degraded (+)-allantoin about 5 times faster than the 
(-)-form of this substance. Therefore, it was probable that only this 
optical isomer of allantoin was produced from uric acid by uricase. 
Allantoate, the product of the allantoinase reaction, was converted by 
allantoicase of frog liver to urea and (-)-ureidoglycolate and the latter 
compound was transformed to urea and glyoxylate by a stereospecific 
(-)-ureidoglycolase (Scheme 5). Of the three enzymes the allantoinase 
and allantoicase activities were highest in frog liver, while in frog 
kidney the ureidoglycolase activity was highest. 
A similar uricolytic system was probably involved in goldfish, since 
both allantoinase and ureidoglycolase were present in goldfish liver. The 
absence of any detectable allantoicase activity in extracts of goldfish 
liver or kidney was ascribed to the labile nature of this enzyme in fishes 
(GOLDSTEIN and FORSTER, 1965), resulting in disappearance of the 
enzymic activity during preparation of cell-free extracts. 
Plants 
So far, the product of allantoin metabolism in higher plants seems 
to be allantoate. Our experiments with Phaseolus hysterinus Dur. and 
Glycine hispidaL·. indicated that allantoinase from these plants degraded 
(+)-allantom faster than (-)-al]antoin, like in frog liver. According to 
FRANKEeí al. (1965), (+)-allantom was formed from uric acid by plant 
and animal uricase. The presence of allantoate-degrading enzymes in 
higher plants has not definitely been proved. The ultimate fate of allan-
toate in higher plants remains to be elucidated. 
Microorganisms 
The main aim of this investigation was the elucidation of the meta-
bolism of allantoin in microorganisms. More particularly the degrada-
tion of this substance by three Pseudomonas species and two Pénicil-
lium species was studied. Three pathways of allantoin conversion could 
be distinguished. The first one was found in Pseudomonas acidovorans 
(Scheme 5). The enzymes allantoinase and ureidoglycolase degraded 
specifically (+)-allantom and (+)-ureidoglycolate, respectively. The 
hydrolysis of allantoate was catalyzed by allantoate amidohydrolase. 
Urea was further converted by urease, and glyoxylate was probably 
transformed via tartronaldehydate to glycerate. 
The second pathway of allantoin metabolism occurred in bacteria, 
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which were able to grow on allantoin containing media only under 
anaerobic conditions. This pathway resembled that of Pseudomonas 
acidovorans. However, the stereospecificity of the enzymes was dif-
ferent. Streptococcus allantoicus, Arthrobacter allantoicus and Esche-
richia coli degraded (+)- and (-)-allantoin at about the same rate. Urei-
doglycolase from Streptococcus allantoicus was optically specific for 
(-)-ureidoglycolate, whereas this enzyme from Pseudomonas acidovo-
rans preferably degraded the (+)-form of this compound. This led to 
the conclusion that allantoate amidohydrolase from the former organ-
ism produced (-)-ureidoglycolate from allantoate, but that the enzyme 
from the latter organism produced (+)-ureidoglycolate (Scheme 5). A 
striking difference between both organisms existed as to the produc-
tion of oxamate. Streptococcus allantoicus (as well as Arthrobacter 
allantoicus and Escherichia coli) produced large amounts of oxamate 
when grown on a synthetic allantoin medium. Oxamate was formed from 
ureidoglycolate via oxalurate. The conversion of ureidoglycolate to 
oxalurate was catalyzed by ureidoglycolate dehydrogenase. Up till now 
the presence of this enzyme had been demonstrated only in bacteria 
which were grown in allantoin containing media under anaerobic condi-
tions (VALENTINE et al., 1961a; VOGELS, 1963). We studied the ureido-
glycolate dehydrogenase reaction in Streptococcus allantoicus and 
Arthrobacter allantoicus. In both bacteria only one of the optical isomers 
of (+-)-ureidoglycolate was dehydrogenated since the amount of allan-
toate converted was about twice that of (+-)-ureidoglycolate. Revers-
ibility of the ureidoglycolate dehydrogenase reaction was not detectable. 
It is not likely that this reaction sequence is of great importance in allan-
toin degradation by Pseudomonas acidovorans (VOGELS, 1963). We 
found that cell-free extracts of Pseudomonas acidovorans transformed 
no detectable amounts of oxalurate to oxamate. 
A distinctly different route of allantoate degradation was followed 
by Pseudomonas aeruginosa, Pseudomonas fluorescens, Pénicillium 
notatum and Pénicillium citreo-viride (Scheme 5). These microorga-
nisms converted allantoate to (-)-ureidoglycolate, which was further 
degraded to glyoxylate and urea. Both enzymes involved in the conversion 
of allantoate to glyoxylate by cell-free extracts of Pseudomonas aerugi-
nosa were purified several times and separated from each other. It ap-
peared that purified allantoicase formed (-)-ureidoglycolate from 
allantoate, but degraded (+)-ureidoglycolate as well. The enzyme 
(-)-ureidoglycolasewasstereospecificfor (-)-ureidoglycolate, but was 
inactive against allantoate. The reactions catalyzed by allantoicase and 
ureidoglycolase were reversible. 
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At the end of this investigation it can be stated that the metabolism 
of allantoin by microorganisms, especially bacteria and molds, has 
been elucidated for the greater part. We hope that the results of this 
study will simplify further investigations on the metabolism of allan-
toin in other microorganisms, plants and animals. 
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SUMMARY 
In the Introduction (Chapter 1 ) the occurrence of allantoin in animals, 
plants and microorganisms and the metabolism of uric acid and allan­
toin was reviewed. Chapter 2 deals with the cultivation of the micro­
organisms and preparation of cell-free extracts. A method for the syn­
thesis of sodium ureidoglycolate was described. The quantitative deter­
minations included a modified differential glyoxylate analysis which 
permits the determination of allantoin, allantoic acid, ureidoglycolic 
acid and glyoxylic acid in each other's presence. In this Summary the 
properties of the different enzymes involved in our investigation will 
be enumerated. 
Allantoinase 
1. The enzyme allantoinase (allantoin amidohydrolase, EC 3.5.2.5) which 
catalyzed the conversion of allantoin to allantoic acid, was studied 
in several microorganisms (Streptococcus allantoicus, Arthrobacter 
allantoicus, Escherichia coli, Pseudomonas fluorescens and Pseudo­
monas acidovorans ), animal organs and plant seeds. The specific 
activity of the enzyme varied between 0.029 (Phaseolus hysterinus 
Dur.) and 2.1 (Streptococcus allantoicus) units per mg protein. 
2. The enzymes from these sources were purified 2.5- to 37-fold by 
(NH4)2S04 precipitation and DEAE-cellulose chromatography. Sev­
eral properties of the purified enzymes, including pH optimum, 
Michaelis constant, activation energy and stability on heating and 
acidification, were determined and compared. 
3. The enzymes from Streptococcus allantoicus, Arthrobacter allan­
toicus and Escherichia coli were not stereospecific, but the other 
enzymes degraded (+)-allantoin about 5-20 times faster than (-)-al-
ι •ял 
lantoin. A specific optical rotation α of -80+1° was estimated 
for (-)-allantoin. 
4. TheallantoinasesfromPfeaseoZws hysterinusOur. and Glycine hispida 
L. were activated by acid-pretreatment below pH 5.4. 
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Allantoate amidohydrolase 
1. In Pseudomonas acidovorans allantoic acid was degraded by the cata-
lytic action of allantoate amidohydrolase. This enzyme was activated 
by acid-pretreatment and inactivated at pH values of about 6. 
2. The partly purified enzyme yielded two moles of ammonia per mole 
of allantoic acid degraded. 
3. Inhibition of allantoate amidohydrolase by (+-)-ureidoglycolic acid 
was demonstrated. 
Allantoicase 
1. The conversion of allantoic acid to ureidoglycolic acid and urea by 
the enzyme allantoicase (allantoate amidinohydrolase, EC 3.5.3.4) 
was demonstrated in bacteria (Pseudomonas aeruginosa and Pseudo-
monas fluoréscens ), molds (Pénicillium notatum and Pénicillium 
citreo-viride) and frog liver and kidney. 
2. In Pseudomonas aeruginosa and Pénicillium notatum production of 
(-)-ureidoglycolic acid from allantoic acid by allantoicase and degra-
dation of (+)-ureidoglycolic acid to glyoxylic acid and urea were 
catalyzed by the same enzyme. 
3. The enzyme from Pseudomonas aeruginosa was purified about 15-
fold by a procedure involving DEAE-cellulose chromatography (step 
wise and gradient elution) and gel filtration on Sephadex G-200. 
4. The reaction catalyzed by allantoicase was reversible. The equilib-
rium constant was 4.8 M . 
5. The enzymes from Pseudomonas aeruginosa and Pénicillium notatum 
were protected by Mn against heat-inactivation at 75°. The heat-
stability of allantoicases was strongly dependent on the source of the 
enzymes. 
6. Some of the properties of allantoicases (Michaelis constant, pH 
optimum, stability at varying pH, influence of bivalent cations and 
EDTA, inhibition by phosphate buffers and reducing substances, and 
temperature coefficient) were determined. 
Vreidoglycolase 
1. The enzyme ureidoglycolase (ureidoglycolate amidinohydrolase), 
which catalyzed the conversion of ureidoglycolic acid to glyoxylic 
acid and urea, occurred in the same organisms as allantoicase did. 
The presence of the enzyme was demonstrated in addition in Pseudo-
monas acidovorans, and goldfish liver and kidney. 
2. The degradation of ureidoglycolic acid was catalyzed by (+)-ureido-
glycolase in Pseudomonas acidovorans, (-)-ureidoglycolase in some 
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other organisms, and by allantoicase in Pseudomonas aeruginosa and 
Pénicillium notatum which preferably degraded the (+)-form of this 
compound. 
3. The (+)- and (-)-ureidoglycolases from Pseudomonas acidovorans 
and Pseudomonas aeruginosa, respectively, were partly purified and 
their properties were compared. 
4. The ureidoglycolase reaction was reversible like the allantoicase 
reaction. The equilibrium constant was 7.4 M" . 
5. The effects of bivalent cations and phosphate buffers on the enzymic 
and non-enzymic conversion of ureidoglycolic acid were investigated. 
Moreover, the pH optimum, Michaelis constant and heat-stability of 
ureidoglycolases were determined. 
6. The hydrolytic character of the ureidoglycolase reaction and the 
nomenclature of this enzyme were discussed. 
Ureidoglycolate dehydrogenase 
1. The conversion of ureidoglycolic acid to oxaluric acid by ureido-
glycolate dehydrogenase was studied in cell-free extracts of Strepto-
coccus allantoicus and Arthrobacter allantoicus. 
2. In both organisms only one of the optical isomers of (+-)-ureidogly-
colic acid was dehydrogenated, namely the one which was produced 
from allantoic acid. 
3. The reverse reaction of oxaluric acid to ureidoglycolic acid did not 
occur at a detectable rate under the experimental conditions. 
In the General Discussion our current knowledge of allantoin metabo-
lism was discussed in the light of the results of the present study. 
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SAMENVATTING 
In de inleiding (Hoofdstuk 1) werd een overzicht gegeven van het voor-
komen van allantóme in dieren, hogere planten en micro-organismén. 
Verder werd onze kennis over het metabolisme van urinezuur en allan-
tóme in deze organismen besproken. Hoofdstuk 2 omvat een beschr i j -
ving van de bij het onderzoek gebruikte materialen en toegepaste metho-
den, onder andere de synthese van natriumureïdoglycolaat, het kweken 
van de micro-organismen en de bereiding van cel-vr i je extracten.De 
quantitatieve bepalingen omvatten onder meer een bepalingsmethode 
voor allantóme, allantoïnezuur, ureïdoglycolzuur en glyoxylzuur. In 
deze samenvatting zal een overzicht worden gegeven van een aantal 
eigenschappen van de bij het onderzoek betrokken enzymen, alsmede 
van de reac t ies , die door deze enzymen gekatalyseerd worden. 
Allantoïnase 
1. Het enzym allantoïnase (allantóme amidohydrolase, EC 3.5.2.5) kata-
lyseert de omzetting van allantóme in allantoïnezuur. De eigenschappen 
van dit enzym werden bestudeerd in cel-vri je extracten van verschi l -
lende micro-organismen (Streptococcus allantoicus, Arthrobacter al-
lantoicus, Escherichia coli, Pseudomonas fluorescens en Pseudomonas 
acidovorans), dierlijke organen en in zaden van planten. De specifieke 
activiteit van het enzym varieerde van 0,029 (Phaseolus hysterinus 
Dur . ) to t2 , l (Streptococcus allantoicus) eenheden per mil l igram eiwit. 
2. De enzymen, afkomstig van genoemde bronnen, werden 2,5- tot 37-
voudig gezuiverd met behulp van ( N ^ ^ S O ^ precipitatie en chromato-
grafie over DEAIi-cellulose. Van de gezuiverde enzymen werden het 
pH optimum, de Michaelis constante en de activeringsenergie bepaald, 
alsmede de stabiliteit bij hogere temperaturen en in zuur milieu. 
3 . De enzymen uit Streptococcus allantoicus, Arthrobacter allantoicus 
enEscherichiacol i waren niet stereospecifiek, maar de overige zetten 
(+)-allantoïne ongeveer 5-20 maal sneller om dan (-)-allantoïne. De 
Γ 1 30 
specifieke optische draaiing van (-)-allantoïne α bedroeg -80+ I o . 
4. De allantoïnasenuitP/îOseoÎMS hysterinusOur. en Glycine hispida L. 
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konden geactiveerd worden door een voorbehandeling in zuur milieu 
beneden pH 5.4. 
Allantoaat amidohydrolase 
1. In Pseudomonas acidovorans werd de allantoïnezuur-afbraak gekata-
lyseerd door allantoaat amidohydrolase. Dit enzym kon geactiveerd 
worden door een voorbehandeling in zuur milieu; een daaropvolgende 
behandeling bij pH 6 had inactivering ten gevolge. 
2. Het gedeeltelijk gezuiverde enzym werd geïncubeerd met allantoïne-
zuur; twee molekulen ammonia werden gevormd per molekuul allan-
toïnezuur. 
3. Het enzym allantoaat amidohydrolase werd geremd door (+-)-ureïdo-
glycolzuur. 
Allantoïcase 
1. De omzetting van allantoïnezuur in ureïdoglycolzuur en ureum, onder 
invloed van het enzym allantoïcase (allantoaat amidinohydrolase, EC 
3.5.3.4), werd aangetoond in bacteriën (Pseudomonas aeruginosa en 
Pseudomonas fluorescens), schimmels (Pénicillium notatum en Pénicil-
lium citreo-viride) en in de lever en nier van kikkers. 
2. In enkele organismen werd de omzetting van allantoïnezuur in (-)-
ureïdoglycolzuur en van (+)-ureïdoglycolzuur in glyoxylzuur door het-
zelfde enzym, allantoïcase, gekatalyseerd. 
3. Het enzym uit Pseudomonas aeruginosa werd ongeveer 15 maal gezui-
verd met behulp van chromatografie over DE AE-cellulose (trapsgewij-
ze- en gradiënt-elutie) en gelfiltratie over Sephadex G-200. 
4. De door allantoïcase gekatalyseerde reactie was omkeerbaar. De 
evenwichtsconstante bedroeg 4.8 M . 
5. De enzymen uit Pseudomonas aeruginosa en Pénicillium notatum 
werden door Mn^+ beschermd tegen hitte-inactivering tot 75°. De hitte-
stabiliteit van de verschillende allantoïcasen bleek sterk van de enzym-
bron afhankelijk te zijn. 
6. Enkele eigenschappen van de allantoïcasen werden bestudeerd, onder 
andere de Michaelis constante, het pH optimum, de stabiliteit in zuur 
milieu, de invloed op de enzymatische activiteit van tweewaardige kat-
ion en en EDTA, de remming door fosfaat buff er s en reducerende stoffen, 
en de temperatuurcoëfficiënt. 
Urei'doglycolase 
1. Het enzym urei'doglycolase (ureïdoglycolaatamidmohydrolase),dat de 
omzetting van ureïdoglycolzuur in glyoxylzuur en ureum katalyseert, 
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kon in de reeds bij allantoïcase genoemde organismen worden aange-
toond en bovendien in Pseudomonas acidovorans en in de lever en nier 
van goudvissen. 
2. In Pseudomonas acidovorans werd de afbraak van ureïdoglycolzuur 
gekatalyseerd door (+)-ureïdoglycolase1 in enkele andere organismen 
door (-)- ureïdoglycolase en in Pseudomonas aeruginosa en Pénicillium 
notatum bovendien door allantoïcase. Het laatstgenoemde enzym zette 
bij voorkeur (+)-ureïdoglycolzuur om. 
3. (+)-Ureïdoglycolase uit Pseudomonas acidovorans en (-)-ureïdo-
glycolase uit Pseudomonas aeruginosa werden gedeeltelijk gezuiverd 
en enkele van hun eigenschappen werden vergeleken. 
4. De ureïdoglycolase react ie was, evenals de allantoïcase react ie , om-
keerbaar . De evenwichtsconstante bedroeg 7.4 M . 
5. De invloed van tweewaardige kationen en fosfaat buffers op de enzyma-
tische en niet-enzymatische omzetting van ureïdoglycolzuur werd onder-
zocht. Bovendien werden het pH optimum, de Michaelis constante en de 
hitte-stabili teit van de ureïdoglycolasen bepaald. 
6. In een discuss ie aan het einde van Hoofdstuk 6 kwam onder meer het 
hydrolytische karakter van de ureïdoglycolase react ie t e r sprake, a l s -
mede de nomenclatuur van dit enzym. 
Ureidoglycolaat dehydrogenase 
1. In Streptococcus allantoicus en Arthrobacter allantoicus werd de 
omzetting bestudeerd van ureïdoglycolzuur in oxaluurzuur door het en-
zym ureidoglycolaat dehydrogenase. 
2. In beide organismen werd slechts een van de beide optische isomeren 
van (+-)-ureïdoglycolzuur gedehydrogeneerd, namelijk het isomeer , dat 
uit allantoïnezuur gevormd wordt. 
3. De omgekeerde react ie , de omzetting van oxaluurzuur in ureïdogly-
colzuur, verliep onder experimentele omstandigheden niet met waar-
neembare snelheid. 
In de algemene discussie werd het resultaat van dit onderzoek over 
het metabolisme van allantóme in dieren, planten en micro-organismen 
weergegeven aan de hand van een schematische voorstelling (Schema 5). 
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Bahadur, К. en V.Chandra, Enzymologia, 21 (1959) 1. 
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